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INTRODUCTION
by

i L. F. Guseman, Jr,

|
|
|
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|
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|
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The orgénizational meeting for the NASA Fundamental Research Program in
’ 1

"Mathematical Pattern Recognition and Image Analysis” (MPRIA) was held at the
! \
NASA/Johnson Space Center in August, 1982, At this meeting each of the fifteen

principal inVest1gators briefly outlined the geals of their particular proposed
J
research efﬂorts.

Most bf the efforts (those outside NASA) had just been
, l
funded (July 16, 1982), and investigations were just getting underway.

In ordér to gain a Better understanding of and stimulate discussions
between the:Individual research efforts, it was decided to conduct two techni-
cal workshoés at Texas A8M University about six months into the program. The
first worksLop was held January 27-28, 1983 and consisted of investigators from
the "Mathematics/Statistics" areas, The second workshop was held February 3-4,
1983 and consisted of 1§vest1gators from the "Pattern Recognition® areas.

Each of the workshbps was conducted in an informal manner, Most of the
|
time was spent in lively technical discussions about each of the research

! |
efforts. Additional time was spent discussing the availability of data sets.

’ 1
Dr. R, P, Teydorn announced the availability of a data tape that has been com-

!
piled for Use by the research teams. Details concerning the content and format

of the tapé are dlscuséed in the document entitled "Fundamental Research Data

Base" appearing in the 'Appendix of these proceedings.
! :
Agend?s and lists of participants for the workshops appear in their

i
respect1ve(Proceedings.

! X
{

| i
1 |

|
| |
| |
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NASA/MPRIA WORKSHOP :-~-MATH/ STAT

Texas AM University
January 27-28, 1983
Room 510, Rudder Tower

Coffee and donuts

Overview: Fundamental Research Program
R. P. Heydorn, NASA/JSC

Estimating Proportions of Materials Using Mixture

Models
R. P. Heydorn and R. Basu, NASA/JSC

Break

Some 3-D Density Estimates
David Scott, Rice University

Lunch

Random Field Models for Use in Scene Segmentation
Manouher Naraghi, JPL

Break

FUN.STAT and Statistical Image Representations
Emanuel Parzen, H. B. Smith and H. J. Newton, TAMU

Break

A Minimax Approach to Spatial Estimation Using
Affinity Matrices
Carl Morris, UT Austin

Coffee and Donuts

Covariance Hypotheses for LANDSAT Data
Charles Peters and H. P. Decell, Jr., University of
Houston

Break

. Thursday, January 27:
- 8:00 - 8:30
8:30 - 9:00
9:00 - 10:15
10:15 - 10:30
10:30 - 11:45
11:45 - 1:00
1:00 - 2:15
2:15 - 2:30
2:30 - 3:45
II‘ 3:45 - 4:00
4:00 - 5:15
[
f.
l' Friday, January 28
i' 8:00 - 8:30
) 8:30 - 9:45
[, 9:45 - 10:15

FRECELING iW.LE DLANK NOT FILMED
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10:15

11:30
1:00

2:15

1:00
2:15

4:00

HASA/MPRIA WORKSHOP: MATH/STAT cont.

1
+

A Hypothesis Test for the Rank of a Linear Minimum
Suffic’ent Statistic
Richard Redner, University of Tulsa

Lunch

An Adaptive Technique for Fitting LANDSAT Data
larry Schumaker and L. F. Guseman, Jr., TAMU

Other Presentations, Discussion, and Symposium
Planning
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ESTIMATING PROPORTIONS OF MATERIALS USING MIXTURE MODELS

Richard P. Heydorn and Rekha Basu
HASA Johnson Space Center
Houston, Texas

1.0 INTRODUUCTION

Let F = {fg; te RM} be a family of probability density functions znd
let G be a distribution function on RN, For the given G we define a

mixture density h as

h = [ ££d6(8) (1)
Since 21 the members of F are used in this definition, it makes scnse -
to gay tha. F defines a mapping, say T, from the set of all G-
distributions, say G, to the set of all induced h-densities, say H.
1f F;G + H 18 one-to-one and onto then we say that fl is identifisble.

This formula ion 18 essentially due to Teicher (1). Thus, identifia-
bility implies that, for a given aixture density h, a knowledge of the
family F 1111 allow us to uniquely determine G. This has practical
implications for estimating the proportion of a material class on the
ground using remotely sensed observations of that material. To 1illus-

trate the point, we offer the following example.

Suppose we are given spectral measurements, x, of points (pixels) on
the ground which have been obtained from a satellite-multispectral

scanner systzm. We irmagine that these x's are observations on some

PRECEDING FAGE BLANK NOT FiLmep
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random variable X distributed according to density h. Suppose that
through experimentation we have found that a given material class on

the gfound gives rise to mecasurements that are normally distrit :ed as
N(+;u,0) but that 'the means u, and variances change from region-to-region
or from year-to-year. We know that in a given region there {s a finite
numbef of material classes, and that these classes can be described by
menbeés of a normal family; however, the means and variances are unknown.

The mixture model that applies to this case is
!

M 1 =(1/2)(x-uy)2/(aD)
(x) = 3}-:1 Ay Jand? €3 (2)

———

l

vhere in this example G assigns a point probability Aj to the points
(“j» aj). j=1, 2,v¢¢,4. This is an example of a fin{te mixture model.

Since the M materizl classes are associated with the parameters (“j' oj),
=1, 2,...,A Xj can be considered as the a-priorl probability of ob~
gerving the j-th class or Aj is the proportion of the j-th class present
in the given region. The primary aim is to determine the Aj-values

but to do that one has to estimate M, By, 04, 3=1,2,..4,4. Studies
with%n the AgRISTARS program suggest that a multivariate version of the
modei given in equation (2) fits reasonably well to agricultural data,
c.f.; Lennington et al. (2) as well as to data from national vegetative
clasées. In those studies maximum likelihood estimation methods were
usedgto estimate:the Xj's, the means, and the covariances. The number

of c}asses. M, wés determined by applying a heuristically derived

algo%ithm. |
|

I

There 1is yet another point to be made about the use of a mixture model
! ]

for Fhia appiication. Given a sequence of unlabeled observations

xl,ﬁz...., the pEoportions AlsX2,444, Ay can presunmably be determined.

' t
Boquer, since the observations are unlabeled one cannot assoclate a
}

!

’
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class name to a glven Xj-value. Thus, there is a labeling problen

associated with the use of the mixture model.

Two possible approaches to this problem a:ce suggerted. If one can ob-
tain a random sample of labeled observations, then it would bo possible

to consfider approaches aimed at testing the hypothesis.

“Aj belongs to material class k" for ccabinations of k and j. Since
ground enuceration methods are often required to obtain labeled observa=

tiong, at least for foreiyn applications, this approach may be infeasible.

Another approach to the problem is8 to use observations on some auxiliary
random variable to predict the mean behavior of the x-observations.
Thus, one might attempt to use the auxiliary variable to predict the
mean for the class of interest, and then €rom equation (2) associate the
4 which 18 closest to that prediction. If y 13 the auxiliary randunm
variable, then a better approach might be to consider the bivariote

mixture model

M
h(x,y) = I Ay f¢ (x,y)
ym1 ] EJ

Knowing f¢ , one can determine the regression function values
EgJ(XiY -y) =] xfgj(x[y)dx, 371,200 ,M

For the class of interest, it i1s often pcssible to establish the regres-
sion function, say El(XiY), having historical observations on X and Y
from areas similar to the one being observed. Thus picking a AJ that
i8 associated with the class of Interest 1s done bv matching the regres-

sion function Ej(X|Y) to one EEJ(XIY)» 3=1,2,000,M.

e ——— -

2 sasrw
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2,0 STUDY OBJECTIVES

Ve fntend to pursue stud{es which are aimed at developing an approach

to proportion estimation based on the notion of a mixture model.

Specific objectives are to:

) select appropriate parametric forms for a mixture model that appears

<o fit otserved remotely sensed data,
b) develop methods for estimating the parameters in these models,

c¢) develop metheds for labelfrg proportion determination from the mix~-

ture wmodel,
and as a pocsible fourth objective

d) exrlore methods which use the mixture model estimates as auxiliary

variacle values in some proportion estimation scheme.

This latter objective admits the possibility that the Xj-determinations
may be only vough approximations to actual proportion, but are neverthe-

less useful as part of some other estimation scheme.

We have begun our studies by working on objective b) using the normal
model form of equation (2). Our main purpose in mind is to develop
methods for estimating M, since, in our opinion, least i{s known about
estimating this parameter compared to the Xj-values, the wmeans, and
the covariances. Interestingly, the approach we are pursuing also

leads naturally to an estimate of the means.

' e
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3.0 SzegS's Solution to th2 Trigonometric Moment Problem — The Case

of Equal &nd Known Variances

l

I

Consider a siople version of the mixture model in equarion (2) in which
]

the variances are alsi equal to ¢ and ¢ 18 known.

4

hi(x) =

M

!

I A
=1

Thus, we have

1 =(1/2)(x=u3)~/(c?)
e

3 JZnoz 3

Taking the Fourler transform, we havn

v
i

|

M

-1

{
B‘(u) =3 Aj e
| :

1uuj -(1/2)w2c?

M 1wuj

B(w) = I Xj e
!

!

j-

Siven the w—values Wy --5- and ietting d) = D(m.) we have a repre-
Yo

b

sent?tion af the complex numbers di as

i

¢
i

M : iy x
lag = T agte e kel,2,0..,n (3

j-l f
f

i
Carathecdory proved that given the complex nuambers dy,d9,e¢ss,dy where

}
d #0 for some k,;there exists an integer M, 1<M<n, and constant) Xj e

v,

such; that A4>0 and uy#ug, £#j, and the representation cf equation (3)
hold% and is unique. The problem of determin’ng M, Xj, vy, J=1l,e0.,4
given the complex numberd di, k=1,2,...,0 18 called the trigonometri: muuer~t

prob}em.

Norice that the uniqueness of the representation is a cousequ:nce

of the ident1fiability of normal mixtures.
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The piont of interest for this study is the proof of the Caratheodory
Theorem as given in Grenander and Szega (3), since the proof gives a
method for deturmining M and Uy J=1,2,...,Mc To the best of our

knowledge tte proof is due to Szegs. We now sketch some of the ideas

of the proof which will be of interest co us.

Given the complex numbers di we construct the Herritian matrix

1 dl d2 e o ¢ o o dn
D= d-l 1 dl e o o o o dn-l
d—n - . PP |

vhere d_, = d,; i.e., the complex conjugate of d,.
k k k

For the representation in equation {3) D can be expressed as

iy, /w 2y, Juw v, /o
1 euJIO e j/ oo en uj/o
-1 w in. /o -1)1
M e ujlo 1 eujlo ssae én ) uj/mo
D Lol 2 xj . . .
j-l . . ¢
1
e-n uj/wo I E N R RN NENNENENNNN®E) l
vhich can be written as:
i /w i
1 (l, e J/ 0 naey e ‘J/mo)
-1
M e uj/mo
D= T Aj . (4)
jlll P
-nip /w
e J o

U
——

frmaene
s

e | [
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Thus D is A linear combination of M ra-". 1 matrices and so its rark

will not exceed M, and in fact ie ¥. Certainly M<n.

{
Algo from equation (4) we see that any Toeplitz form, v’ Du is of the

form i 1 \
{
j .
VDY = I AT, (e 3770y 2
[ 3=t v=o )

| !
Hence, i1f v are eigenvectors of D and v” Dv is a (eay the first) zero

t
I

eigenvalué then

H u;
0= T Ajlt v, (e
=1 V=g

1“1/00) v ' 2

|
H
H

] [
*Since U s a (n+l)x(n+l) macrix of rank less than or equal to n it must
}

have at least one zero eigeuvalue. Thus, 1t must be tha: the complex

polynomial : ]
!
! i
e
P(z) = I v, 2’
Vmg !
! 1u,/o
(assuming Xj>0, j=1,2,.. ,M) has roots Zj me 1 9,
f ;
Summarlzing the main points we have that:
{
]

H
a) The fank of P is :the number of components in our normal mixture

e

model.

b) The roects of the;complex polynomial P{Z) lead to the means in our

normal mixture model. .

i |

In passihg we remark; that in the gtudy of time series Pisarenko (4) '
t « !

applied §zego's approach. Refinements of the approach have also been

proposei by Reddy e::al. (5).

|
|
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4.0 The Case of Unknown and Unequal Variances

The above approzch makes use of the following fact about Fourier trans-
forms. If g(°+y) 18 a translate of g and g has the Fourier transform
G(w) then the Fourier transform of its translate is G(w)-€£JY. Hence
the above approach attempts to find the number of translations and
their amounts; hut, tc do that, h must be transformed so that only the

translates are retained in the Fourier transform.

We pursue this general approach in considering the problem of unknown

and unequal variances. We shall only sketch the main ideas of our

approach.

For convenience, we assume that f: xh(x)dx = 0 and define the

truncation of h to be
hp(x) = h(x)U(-p,p)(x)

where

1, x € (-b,b)
U(-b,b) (x) =

0, x ¢ (~b,b)
Siﬂce

U-b,6) (6 = Utebmy b ) (xy)
= Uebmuy bt Y (p) = Voo b ) (eoy)

= Ul (x-u ) - U¢- (x-u -b)
(-b uj.b+uj) J ( uj,uj) 3

Py ——y

——— —

e —

~ e
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) - b 1 (2 xmugd/(aty) . —
h(x) = I e x=u
b j“l J no J ( b Uj.bﬂlj) j
H L, (12D xug) ¢/ Ca?y)
- JE[ AJ 2ro? u(u,.uj)(“'"j'b)

or {f we let

1 -(1/2) x?
R xt

l’bJ(X) - -,2‘0‘!1 02‘1 u(-b_uj'bwj)<X)
1 =(/2) =2
 py(x) = 7;'?—; ¢ o2y (muyuy)(x7P)

We ace that hy, {3 a mixture of the translaies of rpy and cpy which are

truncated functions.

To retain only the “trauslation informatfon” we will make use of tue

Shannon Sampling Theorem.

THEOREM (Shinnon)

Lot ¢ bo a functfon for which g(x) = 0 for x ¢ (~=,~a)U{a,=)s Then

o = T oeghy Uglae
Tt

A i

g



1

'

i
i
i
]
|
i
'
e e —— . S—— T s er— A S T prv———
' - e mm n e o & RETARAtA weme R e R —y. - Ty
- g -
| - '
v
- - - —n—— N H
! , —_— - e = maas eme - ead
i
i

! .
i :
16 ‘ PRt 9 [
| j oniciNAL Pale
| : OF POOR QUALITY
| . [
i !
We can rewrite this transform as

21036(‘0) - ﬂ> 1280.!

o
- z k) "1 2aw

Kkm—oo
uhéte ;
G = 06z
Lemma g
j |
Lo 230 =k
let 1(w) = I ko, oipllav i) e
k-—ﬂ

|
!

It G| <=, [EKC] ¢= then lim £(w) = 0.
| wee

{

The Shannon Sampling Thecrem plus the above lemma suggests that 24wty (w)

contains just the translation information for large valuegs of w., Indedd

1tycan be shown that this is the case. The pain result is finally stated

!
in the following theorem.
i
i

Theoren
Let M 4 {08
V) =z % aje"’ti
;-l t=l

where l“tj‘ > 0 and th are real for j=1,2,...,M, t=1,2,3,4. Llet

wy = £+27N, & 'and N integers. Then for .>M the matrix
1
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v(mo)o v(ul)o o o oy v(wn)

i": B= v(“-l). v(wo)o e o oy v(“’n—l)
. V(w.n), e o o 0 o o o o V(Uo)

hes rank 44 provided the constants 5:5 are distinct. Moreover, B + (B)*
is Hermitian of rank &M (where "-" denotes conjugate of and "o" denotes

[. transpose of).

Thus our approach 18 to build a Hermitian matrix from 2iwHy(w), as in
the above theorem, let N get large, and apply Szega nethod to compute

[' M and the means.
[' 5.0 Possible Extensions and Comments

In the proceeding approach h can be written as the convolution

- 1 UGty 1 =(1/2)(5-uy)?/82

M

| RAES
[ vhere ai + éz - 03. The first term in the integrand represents

‘- the “exponential decay™ part of the mixture and the second the transla=
tion part. Our approach required tl.at we esgentially eliminate the cen=
Fr#bution of the first term and preserve the contribution of the second.
To do this, we made use of the exponential characteristics of the first
term and the pure translaticn part of thc second term. Thus, it would
appear that representations that depend only on these two properties
could also be approached by the above wmettiods In particular one could

consider a representation of the form

M o 1 ~(/2)(x-y)%/(%y)
h(x) = Z A, [ VT 84(y-uy)dy

|
A T
|

) -Y(y-uy)
where gy(y-uy) = Ye v YUy

. 0, otherwise

- e - - e e e cmeatmns o e s
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vhich would give skewed components in the mixture.

Finally, we recognize that the methods considered are moat easily

executed in one Aimensfon. To handle the wnultidimensional problem, it

may be possible to:

a)

b)

c)

through transformations, develop vector valued random variables
that have independent components., Then h could be considered as a

product of marginal distributioas.

consider conditional mixtures. That is consider e.g. h (x]y) and

solve the mixture problem for several fixed values of y.

treat only the marginal distributions and consider cases where this
approach provides at least a good estimate of M, For such an
approach one may be able to consider projections of the measurewents

vhich would attempt to bring out the true value of M.
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Segment i Ground Truth Direct Proportion '
Number . Proportion (V) Estimatc (%)
O 1sa 26.81 26.40 l |
: 1394 1.4 39.57 }
* 1650 i 13.73 10.70
- 1920 15.99 13.88 s ﬂ
) 1636 i 50.16 50.42 {
“ 1663 53.98 53.42 i M
1676 7.06 : 0.0 bl
1566 | 37.32 28.32~ t
;1899 ! 67.51 59.03 ¢ ”
1825 34.40 29.43~ ‘ |
1
t
. Avg. G.T. Prop.'= 34.84 i3
; : i
Bias = -3.78% Relative Bias = -0.11 ’
Variance = 3,26 Coefficient of
.« ] : variation = ,0.09 i b
H '
a Table 3.. Proportion Estimates of Small Grains
l i Obtained from the Mixture Model
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Figure 2. (a) hround truth distribution for pure small grains ..
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(b) CLASSY estimated distribution for small grains o
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Nonparametric Probability Density Estimation

ORIGINAL PAGE IS for Data Analysis in Several Dimenaionsb
Of POOR QUALITY

e

’

David W. Scott

Rice University
Houston, TX 77251

Pr— g————
. . .

l. Introduction

: 0

Our purpose in this paper is to illustrate how nonparametric proba-
I bility density estimates, in particular the corresponding contour

curves, are a useful adjunct to scatter diagrams when performing a prel-

—
.

iminary examination of a set of random data in several dimensions. For
f’ a8 preliminary approach we generally want to perform fairly simple tasks

with free-form techniques to uncover structures and features of interest
‘” in the data. Such procedures are often graphical and unlike summary

statistics seldom lead to much compression of the data. Tukey (1977)

—————

presents a wealth of such procedures., One which well illustrates the

power and flexibility of these preliminary procedures is the running

r———
‘ .

median smoothing algorithm for time series data (wi.h resmoothing of the
rough and the like). Other graphical techniques for multivariate data

are presented in Tukey and Tukey (1981).

For preliminary viewing of one-dimensional data, both scatter
‘ diagrams and fiequency curves such as histograms are widely and success-

fully employed to examine clustering, tail bchavior, and skewness of

l'l‘h)'.s research was supported in pari by the Army Research Office
under DAAG-29-82-K-0014 and by NASA/Lockheed under P0-0200100079.

-
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data. For bivariate data, scatter diagrams are in practice widely pre-
ferred to bivariate frequency curves. Scatter diagrams of three dimen-
sional data may be realized by viewing a projection of the data on a
rotating plane represented by the screen on a computer graphics termi-
nal. For higher dimensions carefully selected projections may also be
viewed, and sophisticated technigues have been developed, and are evolv-
ing, for choosing good projections (Friedman and Tukey, 1974).
Apparently the success of frequency curves in one dimension has not
readily extended to higher dimensions. It is an open question as to the
number of dimensions that may be successfully visualized with a non-
parametric density estimator under various conditions {(sample size, for
example). It is our purpose to illustrate the power of preliminary fre-

quency curves as an adjunct to viewing scatter diagrams.

2. Bivariate Data

We shall examine a data set which contains information on the
status of the coronary arteries of 371 men suspected Of having heart
disease, having experienced ecpisodes of severe chest pain. These data
have been more fully described and analyzed; see Gotto, et al, (1977)
and Scott, et al, (1978). After visual examination of the corcnary
arteries by angiography, 51 men were determined to be free of signifi-
cant coronary artery disease. It was of interest to compare the levels
of blood fats, plasma cholesterol and plasma triglyceride concentra-
tions, between the group of 51 discase-free males and the greup of 320
diseased males. The scatter diagrams of these two data sets are

displayed in Figure 1. Patients with elevated levels of cholesterol and

PR T——ny
'

—————
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triglyceride are cvident among the discared wales. This obscrvation is
difficult to cvaluate in light of the large difference in sample sizes.
Nowever, it is unlikely that a larger sample of 320 discase-frce males
would result in a scatter diapram similar to that of the 320 discased

males.

1o obtain a nonparametric density contour plot we computed a

bivariate product kernel estimate (Epancchmikov, 1969) given by

| T S Y
flgey) = == = K(5—) R(5— (1)

nh h . h
xy 1=1 x

using a quartic (biweight) kernel

15

K(z) = ’l'-g(l-.-.?)7

I[_l'l](?) (2)

and  preliminary wvalues of the emoothing parameters given by

hW = 28 n“l/6

N x vhere s, reprevents a trimmed and pooled cutimate or the

standard deviation for the two groups with a similar expression for hy'
Density values were computed over a grad of 150 by 90 points. When
applied to the data for the discased males, the contour plot reveals a
ftriking bimodal feature, as shown in Figure 2. The contours of cqual
probability are s the teh levels 0.05 to 0.95 in increments of 0.10 aa
a fraction of the respective maximal modal levels, The Jensity function
of the disease-frece males could be well approximated by a bavariate Nor-
mnl form., TYts mode coincides with the left of the two modes in the den-

sity functicon of the diseased males.

The contour plols have helped emphasise a teature in the scatter
diagram that might have gone unnoticed. The contour plots also aid in
compensating for the difference in sample sizes. The discovery of the

bimodal feature led to formulation of a complex cholesterol-triglyceride
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interaction in the model ror estimating the rish of coronary artery

r .

disease. Clinically, the differcnce of 50 mg/% between the two mndes in
Figure 2 for the diseased males is greater than the reduction in
cholesterol by dietary intervention (which usually achieves proportional

reductions in the range of 10 to 15 percent).

3. Irivariate Data

The data presented in this section were obtained by procgssing
four-channel Landsat data measured over North Dalota during the summer
growing season of 1977 and were furnished by Dick MHeydorn of
NASA/Houston and Chuck Sorensen of Lockheed/Houstom. The sample con-
tains approximately 21,000 points, each representing a 1.1 acre pixel,
covering a 5 by 6 nautical mile section. On each pass over an indivi-
dual pixel by the Landsat satellite, the four channel readings were com-
bined into a single value that measures the "greenness™ of the pixel at
that time. The greenness of a pixel was plotted as a function of time
from the five passes during the growing season. Finally, Badh'war's
(1982) growth model was fitted to this curve. This model has three
parameters which are contained in each trivariate data point. The first
variable (x) gives the time the "crop" (if any) ripened. The second
variable (y) measures the approximate time to ripen. And the third
variable (z) measures the level of "greenness™ at the time of ripening.,
Although it is natural to group these data by actual type of ground

cover for classifizr..on proceduies, we have not done so here.

It is not poscible to present a satisfactory picturc of a thrce-

dimensional scatter diagram of these data for this aiticle. However, on
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an AED512 terminal with 512 by 512 resoclution, a projection of these

data onto the scrcen typically displayed only 4000 points, thc rest
being "hidden" behind displayed points. Viewed from several different
angles, various shapes and featurecs in the dats were easily percaived.
Color was used to indicate the level of the variable perpendicular to

the screen.

We can present density contours of an estimate £(x,y.z). Consider
an equiprobable contour at level ¢; that is, consider those points
(xsysz) satisfying the equation f(x,y.r) = c¢. fhe solution of this
equation for a smooth density cstimate f is a smooth surface (or sur-
faces) in 33. This surface may be displayed by intergecting it with a
serics of planes displaced equal distznces along the co-ordinate axes,
in the following, along only the x and y axes. In Figure 3, we display
the surface for ¢ = iX of the maximal mode velue. Comparing Figure 3 to
the corresponding scatter dirgram on the same projection plane reveals
how surprisingly little of the data space is enclosed in this comtour.
In the scatter diapram our cycs focuscd on rays of points that scemed
interesting but represented only a emall fraction of the d{ta. Also
notable in Figure 3 is a8 cylindvical shape disjoint and behind the
larger surface., This feature was also clearly visible in the acatter
diagram and represents  acies  in which sugar beets were grown.
Apparcutly the method by which sugar beets are harvested lcads to a

singularity in the estimation of the growth model parameters with y=0.

Expanding the scale by a factor of 2 while retaining the sawme
center as in the ¢ : 1X picture, we show the contour shapes at levels

c =10Z, 30%, and 50 of modal heaght. Notice lhow cach contour chape

~a
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Figure 3. Trivariate Density Contours
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"fits" inside the preceding one. Also observe how multimodel features

appear in this space. Thrce modes anre shown in this sequence. On a
color graphics terminal, we may simultaneously view these &nd other con-

tours by using different colors to draw each contour.

Again, the density plots have complemented and added to our under-
standing of these duta. It is easier to see ingide the data cloud with
this rcpresentation and als~ makes rotation of th2 data cloud less

important.

4. Computatjonal Copsiderations

A nev algorithm and density estimator were developed to display the
trivariate contour plots and we hope to report on it in another paper
(Scott, 1983b), Speed is an important factor in an interactive environ-
ment. The kernel method used in the bivariate case becomes excruciat-
ingly slov when presented with 21,000 points in three dimensions. In
real time, a few minutes were required on a Vax 11/780 to compute the
bivariate kernel contours for 320 points on a2 150 by 90 mesh. To gen-
crate the pictures in Figure 3, we evaluated the density on a 30 by 30
by 30 mesh for 21,000 points. A straightforward kerncl estimator would

have required several hours to computel

The histogram eetimator is cxtremely efficient computationally, but
very inefficient statistically -- and relatively more inefficient in
higher dimensions than kernel metheds. One recent discovery indicates
that the frequency polygon may be a good choice of a nonparametiic den-
sity estimator since 1t is computationally cquivalent to a histogrem but

statistically similar to a kernel estimate (Scott, 1983a). MHowever, the

45
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frequency polygon in several dimensions suffers from sensitivity to
choice of cell boundaries. The new algorithm addresses this problem and
is asymptotically equivalert to a ceitain kernel estimate. Other fast
preliminary estimates in one and two dimensions may be obtained by
numerical approximstion of kernel estimates in place of statistical

approximation, which we prefer.

A. Hhere Da He Ga?

We do not really know for how many dimensions nonparametric density
estimates will be useful and feasible. Scatter diagrams have been used
in a highly interactive environment to visualize nine-dimensional data
(Tukey, Friedman, and Fisherkeller, 1976). Many possible strategies may
be envisioned for usiﬂg color and motion to examine data in more than
three dimensions. We expect much progress in this area. But for larger
and larger data sets requiring sophisticated analysis, we believe that

density-based methods will be both efficient and effective.
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EXAMPLE | . DIFFERENT MEANS

X(Rt1) = 0.99 X(k) + U, (k)
XC(k+1) = 0.79 2(R) + U, (k)
2 2 2 2
€ = EU(R) = 6). = E.ul_(k) = |
A =10 M, =80
J(R) =y Y{ke1) =12
X (ke1) = 6.99( 1l -10) = 0. 29
%, (R+1) = 0.2 (11-80) = - 68. 31
L. )t
Coz Ll ¢(12-10-0.92) =1.02

2
C, = bat 4 (12-80+¢68.31) = 0.1

N
t

2
= bt +12-10-1.9%)" = 0.0004
2
= bat +(12-380+136.42)°= 4708.7
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' Statistical Image Representations

|

Notes for Presentation by

t

i Emanuel Parzen

|

?nstitute of Statistics, Texas A&M University
|

-y |
'
§
|

| at
NASA/”PIRA Workshop (Math. Stat.)

January 27-28, 1983

! Abstract

Presentation consists of: (1) outline of guneral ideas of functional

I
statisticaliinference apa1y51s of one sample and two samples, univariate
and bivariate, and'(Z) ?pplication of ONESAM program to analyze the

univariate probability &istrxbutions of multi-spectral image data. !
3 i : 5
MULII-SPECTRAL ?MAGE DATA ANALYZED EY ONESAM FROGRAM :

| I :

Data an%]yzed consists of 9 files. Each file represents an observation ,

at a d\fferént time 1n ;he growing season of a geographical area measuring }

5 by 6 nautical miles divided into segments 117 across and 196 down, for a
‘ ;

i
total of 22%32 picture segments. The successive files represent flights on

days E .
|
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128, 145, 146, 163, 182, 199, 200, 235, 236.

There are 4 measurements per element, representing 4 channels recorded
by a multi-spectral scanner of sunlight reflection., The channels are
respectively 4, 5, 6, 7 angstroms, going from visible to infrared to far
infrared bands of the spectrum. The first two channels may be similar
(highly related), and the second two channels may be similar.

For this area, ground truth data is available in which each element is
divided into 6 subpixels. The data was originally collected for LACIE
(Large Area Crop Inventory Experiment).

There are 36 data sets representing 4 channels in 9 files. Each data
set consists of 22392 integers (theoretically from O to 256) representing
the reflections from surface elements. The data was received by us from
Dr. Guseman in the form of 36 historgrams. The histograms were analyzed by
our ONESAM program to determine the shape of the distribution fitting the

histogram, and in particular to determine: (1) if the distribution is

unimodal or bimodal; (2) the variation of medians and interquartile ranges.

This research aims to contribute to, among other problems, digital

jinage representation whose definition we quote.

Digital image representation is the determination and modeling of
basic characteristics or features of the digital image which can be
incorporated into the process of identifying classes and attributes

in a scene. Approaches to the modeling of spatial image character-
1stics that require research include quantitative descriptions of
image texture and the segmentation of images on the basis of spatial
structure. Research is needed to determine the scene probability
density functions and class conditional density functions of digital
image data in order to understand spectral characteristics and extract

desired information. Determination of density functions will enable
the development of data transformation which reduce the dimensions of
multi-variate image data while preserving information pertaining to
scene classes and attributes.
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.035
.204
.149
.019
.023
.051
.033
.022

.021.

m=3

.097
.273
.223
.029
.022
.N52
.016
.032
.027

n=4

.161
. 386
.228
.154
.376
.426
.097
.055
.03

.203
.218
.206
.129
.355
.347
.086
.090
.073

m=4

107
.279
23
04
.034
.052
.018
.033
.033

.102
.208
.187
.033
.029
.058
.053
03
.025

10
.282
.235
.044
.039
.053
.019
.035
.037



t

- T o owe
¥ U TOY [ P ST BT TRy kit St e

b .

68

——— - — - - - - - —————

!
i
}
i

I
|
L
|
|
|
i

handout for remarks by Professor Emanuel Parzen

) ORIiCINAL PRLT 15
| FUNCTIONAL STATISTICAL INFERENCE OF POAR QUALITY

i

FUN.STAT APPROACH TO DENSITY ESTIMATION

!
1. OHE SAMPLE: UNIVARIATE

i
Let X be continuous random variable and X,, X.,...,%X_a random sample
¢ ] 2 n

of X.

To Jstimate distribution function

and probability densitJ f(x) = F'(x), we estimate quantile function

0, (u) = Fy'(w),
l

H

i
quantile density qx(u)'== Qk(u), and density quantile

!
FQ (v) = fx(?x(u)).

——

er sample distribution function F (x), sample quantile function
]

(u), sample! quantile densi-y q(u) at u = j/(n41), j=1,2, ,n.

-

_ Q()-0(0.5)
1Q(u) Z{Q(O 7€) - Q(0.25))

PFot sample version of informative quantile function
i

whose values as u tends to 0 and 1 indicates the tail exponents

’ i
o? the probability lav of X.

i

a wo—

e m——
——

——

—a
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3. Determine a standard distribution function Fo(x) to test

Hy: F(x) = Fo(fiﬂ) or Qu) = p + 0 Q (u)
for location and scale parameters y and o to be estimated. Form
d(u) = foQo(u) qlu) ¢ 9, , .
- N -
o, ]o £.Q (t) qlt) dt.
which estimate respectively
d(u) = foQo(u) q(u) * o '
1
o, = [y £, (t) alt) dt.

4. Form successive autoregressive 2stimators

2niu 2nium|-2

am(u) . Rm 1+ ;m(l) e *...+;m(m) e

whose negentropy

- ' PS A’
H, = ]o - log dm(u) du = - log K_

-

is used to determine optimal orders m. Note that Hm estimates the

entropy difference

e vt ah A manms b e S e - W o o~ e s Ao
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5. Estima

-

me

te fQ(u) by

i
t
1
where m is chosen equal to an optimal order m.
!
i
t
f

2 ORIGINAL PAGE IS
! OF POOR QUALITY

{log o - fl log f Q (u)} - {- ]; log fQ{u)du)

'

b

i

(u) = fOQo(uj o am(U)

~

2. TWO SAMPLE: UNIVARIATE

i '
Let X and Y be continuous random variables with random samples
I

I '
X',...,Xm and Y'],...,Yn respectively, and with respective distribution functions

F(x) = Pr[X<x],

The pooled samﬁle Xl,...,Xm

t
the distribution function

H{x) =

To test th

H:F
o

it is customar

]

[x) = G(x) =

1

.

6(x) = Prlv<x].

y Y "Yn can be regarded as a random sample from

1

Pl + (1-0) 6(x), A =% .

e hvpc .heses of equality of distributions,

H(x),

y 10 uou-parpmetric statistics to introduce
3
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OF FPOOR QUALITY 7l
o (w) = F i (), oylu) =6 H ()
with densities
£ H ' (u) ")
dlw) = —o == dylo) = LopE
hot (u) )

Note that h H-‘(u) =) f H-‘(u) + (i-) g H-‘(u); therefore

-1 -1
dolw) = a+ (- Sl
fH (v

A raw estimator of Dx(u) is
Bx(u) = FH (uv)
from which one can form
;(v) - fl e2niuv d BX(U)

and autoregressive estimators ax m(u) of dx(u).

When one observes k variables X(')’ X(Z),..., X(k), one estimates

(for j=},...,k) the densities of Dj(u) - Fx(j) (H-‘(u)).
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3. ONE SAMPLE: BIVARIATE

Let (Xl. Xz) be jointly continuous random variables with distributicn

function

FX|.X2 (Xl, Xz) = Pr[x|55., Xp<Xy
and density fx N (xl, xz). The joint density quantile function is defined by
1°72

fol'x2 (ul.uz) = fxl’x2 (Qxl(”l)’ sz(uz))

To estimate fQ we define

0 (u,,v,) = F (Q, (u,), Q, (u))
X0k, 152 XpoXy X X, Y2

which is the distribution function ¢7 U, = F, {X,), U, = F, (X,); it has
1 Xl 1 2 XZ 2
density

2
S
dy X (ul,uz) o D(ul,uz)
172 Uy, U,

satisfying

fQXI.Xz(UI'UZ) = fol(ul) foz(Uz) dX',Xz("l'uz)'

To estimate d from a random sample (X (J),X (J)), j=1,...,n, form
XI'XZ ] 2

D = F @, (u), Q (uv,))
XI.X2 X‘.X2 Xl 1 X2 2

. may

oy
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H -
and a raw estimator d (u
X,,X
‘ 1'72
! -
estimator log dx X (J‘,uz) minimizing a criterion similar to

1'72

1

t

n - . .
J.

!
where log dm(ul.uz) has the parametric representation
i
i
{

log d (u,u,) = [ o exp 1 (uyv) + uyv,) - yle )
m102 v,1Y ViV, 170 272 Vi,

| .
where the summation is over vyiv, = 0, +1,...,xm,

} |
|

and (0 ') is an integrating factor to make d (u,,u,) a probability
v, M . m1'2

' i
density. The foregoing estimators have been implemented in the Ph.D.
'

Thesis of TJ J. Woodfield. The problem of choosing 2 best value of the
}

order w is approached b# evaluating the entropy of dm'

1
Ve cxpgct Woodfield to work with us this summer to extend his results

l ! .
to estimation of maltivariate density quantile functions.

|

t
L, TWO SAMPLES: BiVAR

.-
AlL

Y

Let (X .Xz) and (Yi’YZ) be random vectors with respective distribution

|
functions F(Xl,xz) and ;(Xl.YZ), and respective random samples

(x (j)xz(j)),ij=l,...,m and (v‘(k).vz(k)). ke1,2,...,n.

)

¢ vw e

73

,uz). ye smooth log dxl.xz(u|,u2) by a smooth

e

’
e —————— e S— o
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Let H(xl,xz) denote the distribution function of the pcoled random sample,

with marginal distribution functions H‘(x;) and Hz(xz). pefine
0, (u, u,) = F(H-l(u ) H-l(u))
12! 1 | R '
D, (u,,u,) = G(H-‘(u ) H-"u ))
2V12 1 17 T2 Y2

From Dl(u‘,uz) and Dz(ul.uz) one can form raw estimators d‘(ul,uz) and

dz(ul.cz) of the densities

PRy (o)) 13 (o))

d (u tu ) - - [
e h|“ll(”|) “2”z|(”2)
a7 (u)), 13 (u,)
luppuy) = — -
hyHy ! (uy) Bty (u)
Therefore

log d‘(u‘,u?) - log dz(ul,uz)
= Tog F(H:'(u,), Ho (u,)) - log g(H (u,), HI'(u,))
P9 TR Wl Hy 4, g gty tuy/y My W4
The likelihood ratio f(xl.xz)/g(x‘,xz) can be effectively estimated by

estimating log d'(u',uz) - log dz(u‘,uz). We propose to investigate

exponential model representations of

log dl(ul.uz) - log d”(ul) - log dlz("z)
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OF PL
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-
[y

i

2

where dll(ul) and dlz(uz) are the marginal densities of dl(u',uz) whic
can be estimated by methods of two samples: univariate.

The final output are contour plots of the classification stacistic

L(xl.xz) = log f(x',xz) - log g(xl,xz) .

A point (xl,xz) is classified in population | or 2 by whether L(x',xz)
exceeds a threshold which depends on the prior probabilities and loss

function.

.n e omm ad el e e i o
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!
STATISTICAL IMAGE REPRESENTATIONS:

Hon-Gaussian Classification
Presentation Outline by

' William B. Smith
Institute of Statistics, Texas A&M University
at

NASA/MPIRA Workshop (Math. Stat.)
January 27-28, 1983

1. Introduction f
11. Two Pbpulation Problem

i .
Populations: Normal vs. Normal
Mixed Normal vs. Mixed Normal
Nqn-norma] vs. Non-normal

C]ass%fiers: Séyes
LDF
QQF

Measures of Non—Horma1ity:

Ashikaga - N*

Malkovich - Afifi - skewness/kurtosis
Mardia - skewness/kurtosis
Misclassification probability

Performance of sdandard tests -
Hotelling's T2 -
Mix. characteristic root -

111.Multipopulation problems ’

Canonical Correlation - several LDF

Missing data -

Utilization decision for partial records - AIC

1V. Summary.

PRECLDING PAGE BLANK NO1 FILMED
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Univariate Data--2 populations
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)['0 = :O/Ir.n. af X

' ~
- #
QA = dimn. ot y
b .
ri Q Q-‘
o
{

L

| |

|
d,——- 4)S P N=So

! ,
%,‘ = Ao, GOM/J/&(( /ECO/:/J

”ll;: vio. Pav""l:a:{ /’E'COrc"I.
Note: | p:-gc/ = 197;-0?»
:‘/"Z:Z - (02: 2a°’ (+a)

p=e 2:2 =7 /OIZ= 4“?/0*‘7)2 /”;2:0.

!




Table ¢

Stmulation of Example 3.3
p=1l,qe2
n - 10, n, = &0

full Data All ‘Data All Lata
Population 2 Hocking=-8aith Hocking-Harx

. o? A T I
o4 222357 +13567 [.06176 L4660 | 06338 » 10519 .05072
o3 »33333 ,10479 .057,1 03036 | .06512 ,07875 03412
6 .45000 07241 | 06747 04040 | .04407 06480 { ,02698
o7 37647 .03946 | .02682 ,06230 | .03076 .1 .04723 } .02028
.8 1111 02414 | ,02437 .03325 | .02425 03156 | 01044
o9 .85263 .00487 |} .00923 .02800 .01027- ll 01470 | .00297

0

)

# i)
e ed

}J\‘Nﬂo wood 20
sx‘ o a0

—————

t8

et e

'
— e -
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Sirulation with Example 3.4
P=2y,q=2 .
n - 40,.n2 = 10

'
'
1
4
i
1
1
i
H
|

Yo TTUNIDIMO

=5

-

ANIVYN0 ¥oVd 40

(3]
rate

Population full Data All Dcta
. Hocking-Marx

------ B At S Esti- - { ~ Dat: ~ - - |t - Eate- Dete ~|-- ---
s ol 3ias | MSEx103| Trace Bias. |MSEx10} | Trace
o .32653 .04883 | .02471 | .01650 || .04479 | .07906 | .01483
.5 44444 .04347 | .02592 | .01564 || .04116 | .02160 | .01415
.6 .56250 .03463 | .01757 | .01216 || .03301 | .01267 | .01046
o7 .57820 .02898 | .01202 | .00846 || .02678 | 01032 | .00776
.8 .79012 02811 | .00787 | .00s83 | .0269: | .00367 | .00503
9 | .39751 .02764 | .00196 | .00304 | .02598 | .00157 |..00270

T e m e M v e e e e a e S s m———— o — . e P o o s

S8

- ——




Table 8

Simulstion with Example 3.4
p=2,q=2
n, = 20, ny, = 30

7ull ate All Dacta
Population Hocking- Marx
. pl :::- }52::63 Trace g::s Hsg:ia 3| Trace
\ A
A «32653 .10331 | .16013 | ,038%7 ,08391 | .03417 | .0283S
3 NIYYE) +07997 | 15378 | .03391 .06511 | 08815 | .024A4
o6 +56250 .06436 | 11410 | .02344 ,05484 | 06114 | .017/9
o7 +67820 .05895 | .08405 | ,02067 .05020 | .04097 | ,01373
.8 .79012 .05327 | .04995 | .01428 .04692 { .02382 | ,00%8&3
9 «591751 .05384 | ,01465 | .C0963 04662 | .00659 | .C0697

98
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A= —2h L +2k
= # poamelers (Alaike 1974.1573)

D&f/e./e 1.485% 74" ‘Y('fn;wzzlc:ancv olf‘ /Dam/:é/ /’Ecorclf
Jaél;vj 7%9 c/:%rcnce é@/‘wecn 4/6 Cvaluated

Using  “fall " uta estimates only  Gad AL
Caluated cf the Combined (HM) ectimares.

EX’OM/:@ E

”, Olbf 740/77 A{,(/") ):), I/énawu
WL O/JJ ﬁbiﬂ /(/Z (/A,_’ IL) / Z(P
/"L.:D/"’ ) Z_L= :DZD’
e i fyr G(O )

5= -2 5D (23D')"
So &, = A1C () — AL ()
— — XZ

Cale.
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where = X -Di) @s3)" (i -Dj.)
2 {,
v X OF So0 QUALITY

/1/0/{'; CQ ,U & 1407(,//&4 0[ -/)46 /{’/&‘éa/anoé/f F

O/I( nee&s l

C? . 74/’”7 J%ié//ﬂu fL
[ mnauce’ Lnown )

5&'417/0/5_[‘—/?: /4Jf2(me Z_L(rnéﬂown '4 E’v—tdm/a/GE

i
!

:ﬁce /,'Yl S ave pile 74.'/, £.2, we have

,
O, = A=) Ay <o,
Ja 740‘, §, Con be erpreged ap o
O/ecrmjinj | #mﬁo;{; of

7 & 2 (DLD)Z

‘|
i
o/ ;2_ -l &
od | L 4 [(DE2)7E ]
wééﬂ‘;’ Al ﬂ:‘z ".-/)/:’l

(N
3
N
¢
L

Y

>
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1’. %2 ‘%@ /._/S?;fﬁ/.gf‘dﬁte” 0[ -;%e /)gr/yb/ .Vecamé
avallale.

2. [4/,4(,, a{o/,:y Canonical Correlation with
lﬂdrﬁa/ record], estmate e Corarance ,w%u
¢ Using WM, J‘a)r) Foen /n/:a/ e &

ma}nn G{ a
7 YPE = coV
"o
matvix m PloC CANCORR o /nf',.,,t 5

mlo PROC MBTRIX and extuvet A Wf?mk
e‘f?enm/ue; and e{yenvsl'a"or;,
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Multivariate Time Series in Two Dimensions

and the Classification Problem

|

]
"

Qutline of Prescntation
%.J. Newton

NASA/MPIRA Workshop
January 27-28, 1983

roduction and Basic Aims of Research

|

hsects and Classification of Model Signatures

Analysis of Variance Approach to Finding Boundaries

!
{
prporating Temporal Correlation

brporating the Second Dimension

{

{ . . .

e Computational Considerations
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A Minimax Approach to Spatial Estimation
Using Affinity Matrices

Carl N. Morris

For presentation at NASA Project Meeting
Texas A&M, January 27-28, 1983

"An Empirical Bayes Approach to Some Spatial Analysis Problems,
with Special Attention to Remotely Sensed Satellite Imagery".

Summary:

Our problem is to combine estimates made in the plane
to improve on noisy unblased estimates., We will want to
use only a small fraction of polnts in a glant grid to do this,
those that are most like a given point. Section 1 below pro-
vides a helpful component of this process defining an "affinity
matrix" of values, indicating which points are relevant to
others. Then Section 2 shows that minimax rules can be based

on affinity matrices.

1. Affinity Matrices:

Let a;y > O be the affinity of 1 for §, 1 <1,8J < k.
e will assume for now that AkXK = (aij)’ the "affinity matrix",
is symmetric and the rcws (and columns)of A sum to unity
gomeday we may wish to consider more general notions. 1In
NASA applications, ajyy might be some diminishing function of
dij,'the distance from the 1*DN to the Jth pixel, but there
could be cases where affinities are greater for more distant

areas, e.g. crops growing in two valleys may be more similar

to one another than to thosec growing on a mountain between them.
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An affinity ﬁatrix is Just a doubly stochastic matrix,
one representing é reversible Markov chain, so much 1s known
of them.. For example, the elgenvalues a; > ... > ap
satisfy 51 =1 (e'= (1, ..., 1)' is its eigenvector),

i

a, < 1 (if the chain is irreducible), a > =1, T don't

know under what conditions A > 0, 1.e. o) > 0, but we nead

to know. It may be that A > 0 if, under anpropriate re-labeling,

the eleﬁents a1J diminish as they recede from the dlagonal.
! .

Is A > 0, for exawple, if aiJ depends only on Ii—JI and

|
decreases as |i-J]| increases?
i |
Note that we can write

3
| k
(1.1) | 3 A =T asPs
l !
with P i= ee'/k and the {Pj} a complete (fPy = I) set of
orthogoﬁal projeckions, each with unit rank.

| .
It's interesting to consider what affinities might be
{

l
assigned to the center of a kxk grid k=5). Squared distances
{

from th? center Qre listed below.
| I
#Pts. Sq Dist ...

815 {4 [5 |8 1 0
512 {112 j5 5 1
i jo |1 {4 9 2
512 |1 12 |5 13 ° 4
! 8 15 {4 |5 |8 21 5
! 25 8

Fig. 1: Distances from center in a 5x5 grid.
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This chart suggests nine and 21 point grids might be good.

(Note: points outside the 5x5 grid all have squared distance

[ greater than 8.) For 9 points, the agy might be: azqy = % (once),
) 1/8 (4 times), and 1/16 (4 times), which is given by
2 _
(1.2) 8.13 s 2 diJ 2 .

The point 1s that the two dimensional grid in Fig. 1 is collapsed
into one row of an affinity matrix, with 9 non zero entries

in the case of (1.2). This means we can ignore the complicated

spatial structure 1in Fig. 2 when working out theories of estima-

f tion, at least in the independence case considered in the next

section.

[ Yo
. .

LA N )
-
)

P ""1 Pill P1Il+1 ¢ - ¢

1 .. T %5 -
] :

N Yl P‘."l ) Pi:pixcli P1+1 sen
I_ L xB
Yo 0,
‘ .
v e Pil_l Pi‘ P1|+1 - ¢

Figure 2. Arcal protlem organized
{nto pixecls or pixel-groups.

l' Responses Yi' true values Bi.
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2. A minimax rule for spatial analysis.

We take the simplest case of normal, Ilndependent observatlons

(given the parameters) with equal (known) variances:
ing
Yjley = N(og, V), 1=1,..., k.

We expect the {91} to be correlated in any NASA application,
but not necessarily the pixel intensity measurements {Y4} (there
was some questlon raised about this at NASA last August). 1In
practice the variances would have to be estimated, and perhaps
this means we would actually be working with clusters of pixeils.
We need data to pursue these points, as well as the equality
of variances and all other assumptions. Until such are obtained,
we may proceed as follows.

Let A be any given kxk affirity matrix with non-negative

eigenvalues a) =1 > a, > ...> ap > 0. Define
(2.1) Y# = AY,

each Y; being a weighted average of the {YJ}' Let

(k-r-2)V

2.2 B =
(2.2) I(Yy - Y07
with r = tr(A). Then let
L] - -~ P %

be the estimate of 64,

o=y 2T T T

Sawe)

a
v

P — p——— r—y P ot |
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In case A = ee'/k, (2.1)-(2.3) reduce to Stein's estimator
§

£
i

is that for shrinking toward a regression surface E0=28,

! —
for shrinking all Yi to ¥ = Y, More generally, this estimator
kar’ 1r A = 2(272)71Z is an affinity matrix (since it needn't
be, we can see that the affinity matrix assump*ion 1s unnecessary).
now prove that the estimator (2.3) is minimax for loss

]
| L(6,8) = £(8;5-0,)2/V
i

W

(2.4)

. M

in the, frequentist sense with risk R(6) depending on 8. Stein's

i
derivative formula

]

! ]

] ;

(2.5) i | Eg(¥4-8y) £(¥1) = V Egf7(Yy)
will be used where needed. .
The following Lemma will be useful.

|

Lemma 1. Let M and T be symmetric matrices, ty the 1th co1lumn
f |

vectoriof T, and Q = Y/MY. Then

3 1 ’
(2.7) Igyp (g tiY) = [eer(T)-2¢7mTY]/Q2.

Theorem 1. Thezrisk R(8) of (2.3) has unbiased estimate

1
1
'a

& k - (k-r-2)B + 4B(F-1)
R

(2.8) |
with F = z Y/(I- A)3Y/Y’(I A)2Y.
Thus, Lith ag the minimum eigenvalue of A,
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(2.9) R <k - (k-v-z)ﬁnbﬁuk always

<k = (k-r-2)B if a>0.

I

It follows that (2.3) 1s minimax if k > r + 2 when o, > O.
Proof: Let Q = £(Y¥i~¥j)2 = Y/ (I-A)2Y. The risk of (2.3)
s R(8) = E ||Y-6-B(I-A)Y ||2/V

= k + EB2Q/V - 2E1(¥4-0;) B (1-0) | X/

where (I-A)(i) 1s the 1% row vector of I-A. Now apply (2.5)

to the last term and then (2.7) with B = cV/Q, ¢ = k-r-2,

and remove expectatlons to get

~

- - 7' T 3
R=1k+cB- 28 [k—r-2 TR

q
= k - Bfk-r-2 -4(F-1)]

Note that (2.9) follows because 0 < F < 1 - @, .  QED.

Of course, we always have
(2.10) R <k - (k-r-6)B

in (2.8) because a, * -1 for every affinity matrix.

k
We should be able to extend this proof to cover the case

with é replaced in (2.3) by

(2.11) B* zmin(B, 1).

Further work must consider the following:

l. Let A be written as in (1.1) and write S1 = Y’PiY.

= peey

sy S costs
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Then the {Si} are independent non-central chi squares with cne

degree of freedom and expectation

ESy = E tr[PsY Y]
=V + ¢/Py0,
te. s, 10d vle'("_'%‘_’_).
Note that B = (k-r—2)V/2§(1—u1)23i These facts may be useful
in further development ;f the sampling properties of rules,.
2. The rule will do well if 67 (I-A)26 is fairly small.
We will bave to see if this is likely. Again, we need real
datal
3. Is this nearly an empirical Bayes rule? For what
(correlated) prior on the ei? What correlated priors, ones
like those we might expect in NASA applications, lead to good
empirical Bayes rules? With a one-dimensional spatial (e.g. time)
problem, autoregressive priors seem to lead tco estimators like Y%,
., We need to find out a lot more theoretically adout
affinity matrices and their eigenstructure, and to consider
which ones would be good for our applications. There will
be problems near boundaries. Markov chain sources will be a
gocd place to start. Covarlance matrices arising in autoregressive
theory also may be a usefuvl source.
5. Note that the rule presented (2.3) 1s easy to compute.
St1ll, we should consider carefully the computational aspects

of thils and any other rules we choose to derive.
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i
|
6. ‘Real applications will involve multivariate Yj,

say bivariate with Yil = greenness, Yiz = brightness.

t

i

I

|

!

|

|
References:

Stein (1981), Annals of Statistics, pp. 1135-1151 has

a result implying Theorem 1 here.
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Hupert Kostal

i
Localized Shrinkage Factors and Minimax Results

AL Eatiala sl s b ate sk anialdal ancurceiua o ol tae ot R
. . .
-
.

; !‘ SuTmarx: A’ condition is derived under which a localjzed
. sh%inkage factor estimator will be minimax. A specific
localized shyinkage factor estimator is described. The

|
nohapplicablitty of the derived condition to some estimators

1s|(unrortunately) shown. In the last section several
] !

comments concerning these results are made. -
l 1

i
{
- 1
i
]

. NASA Troject: "An Emparical Bayes Approach to Some Spatial Analysis Problemnc
’ with SpFClal Attention to Remotely Sensed Satellite Imagery"”.

|
|
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1. Minimax Results Applicable £r Localized Shrinkage Factor
Estimators.

We shall be considering the equal, known variance case
YlO ~ Nk_(ﬂ, I), (1)
for assessing estimators 8 of 6 with respect to SEL,

L(8,8) = £(0;-04)2. (2)

Stein (1981 Annals) shows that for fairly general estimators
of the form

8 = Y + g(Y), (3)
g:Rk+Rk (see Stein (1981) for exact conditions on g),

the following results hold:

E(Yy + gy(¥) - 0422 =1 + E(g{(¥) + 2v3 g4(Y)) ()
and so
E[| Y + g(Y) - off = k + E(Jlg(Y)|? + 2v.g(Y)) (5)
Here
vy = SPE (6)
and
v.g(Y) = £vigq(Y) (N

where gij(Y) is the i*P component of g.

4

This result may be applied to estimators of the form

6 = Y ~ A[A(Y)]AY (8)

ety o .

L nton "M, ot |

- mancy
-l
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where A is a preassigned matrix, A:Rk*Rk, and A[}(Y)] is

the kxit dingonal matrix with diagonal elements A (Y), ...,

AT TN L e R G Y T TRy qw-._.“-.“,....‘

111

QR(Y). Ag(Y) 48 the loculized sbrinkage factor for Yj. Thus

0y = ¥y = a3(¥IngY

where Aj 13 the 4%h row of A (the 1%h column of A will be
denoted oy and ay g Wwill represent the ljth element of A).
We ahall assume that A(Y) is chosen so that the necessary

expectations exist

Lemma 1.
EC(Ys = Ap(Y)ALY = 04)2 =
1+ BEQI(Y) (AgY)? = 2xg(Y) agy - 2A4Y9324(Y))
proaf: Apply Stein's reault with
g1 (Y) = =xg(N)AyY,
s0 g2 (Y) = A3(Y) (A,Y)2

and vigg (Y) = =2 (Y) agy - (A;Y)(vgrg(Y)). QED.

If A4(Y) 1s of the form
- 1
MO = Ty
where Bl s a positive definite (symmetric) matrix, then

VA (Y) = =3 (¥) Y'ol.

(9)

(10)

(11)

(12)
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Theorem_1. For Ay(Y) as in (11),
E(Yi - Xi(Y)ArY - 01)2 n

1+ EOJCY) Y (AJAy = 2ag;BL & 4 bIAG)Y). (13)

l

Hence 0 is minima: If
|
cl .

|
(13 n.n. d ) for i=1, ..., k.

g ! 1, .

I
proof: Applylnn Lcmma 1 when (1) holds yiolds
E(Yj_ - 11(\)/\1\ - 01_)‘ = 1 - L(XZ(Y) Y'ey)

and so if ¢! >0 wg have

Elly-a D ()YJAY - ofF < k. QED
{
!

H
[)
l

2. A Proposed 1 lLocallsed Shrinkage Factor Estimator
l

Rcwritting (G) as

61i= (1 = xg(Y))Yy + Ag(Y) AYY (15)
I
wherc A% .= I-A, ltican be seen that Ag(Y) determines

the degtee of ohrthkwhc from Yy to A“Y Let

i (16)
"1‘?“ G RECET fpt

|

where dy [1s a posifive constant. This cholcee of xl(Y) allows
{

the shrlﬁkngv at Yi to be determined by the YJ'w which have

I 1
nonzero weipht in AIY.
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Lemma 2. J(agy)2(yy-agn? = d,v'Bly for

a8 = g[a* (1,- Ai)]'[aIJ(IJ-Az)] (17

where IJ 1s the Jth row of the identity matrix I.

In terms of A this 1is

asBt = [(1-a11)? A as31A5A;
+J§ a% (A'(IJ-Ii) +(Iy-I4) Ay

+ (IJ-Ii)'(IJ-Ii))- (18)
proof: (17) follows upon writing

z(a* )Z(YJ-A**}L')2 S[azj (I;-A$)Y]2.

Noting
(I A*) = (l-agg)hy for i=3
= -ayy(Ag+(I14-14)) for 1i#J
and expanding (17) yields (18). QED
The estimator 8 with A4 (Y) defined in (16) with
at = a¥%, 1
$, =3 (19)
for -J such that a1J is nonzero, where al.1 is the average of
the nonzero a;J is a spatially moving version of the

James-Stein estimator.

e

ST MR W JM T AT T oy apreny e g oy
!
i
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Recall that in order to apply Theorem 1 Bi must be
positive definite (required for the expectations in (13)
to exist). From (17) it can be seen that if aik = 0 then
the k®D row (and column) of B! will consist entirely of

zeros, and so Bi would not be positive definite.

3. Comments.

For spatial data which exhibits only local continuity,
localized shrinkage factor estimators can reasonably be
expected to do better wlth respect to MSE than estimators
involving conly a single (global) shrinkage factor. A number
of simulations have shown thls to be the case.

Theorem 1 provides sufficlent conditions for showing
that estimators with localized shrinkage factors are minimax
but, as shown in Section 2, these are probably too restrictive.
Can the requirement that B>0 be eased? ¢to B>0? Perhaps a

different approach is necessary.

Cniclng &lﬂ’ l'h-’ —-‘
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Covariance Hypotheses
For LANDSAT Data

Charles Peters
Department of Mathematics
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| ! ’ TABLE 1 - Distribution of F-Ratios
X
.o | Segment 1645 - 216 Fields
Ly |
‘ Percentiles | 0 - 5% |5 - 10% | 10 - 90% | 90 - 95% [95 - 100%
=) Number 18 14 163 9 12
R Frequency 8.2% | 6.5% 75.5% 4.2% 5.6%
' !
[ X - 6.72
l Seqment 1637 - 57 Fields

Percenti]qs 0 - 5% 5 - 10% 10 - 90% | 90 - 95% {95 - 100%

i" Numbcr! 6 1 44 4 2
Frequency | 10.5% T 77.7% 7.0% 3.5%

i - ?

. X* = 5.45
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. OF POOR QuaLTY
. COVARIANCE HYPOTHESES FOR

LANDSAT DATA

r - by
Henry P. Decell

and
Charles Peters

Department of Mathematics
University of Houston

ABSTRACT

Two covariance hypotheses are considered for LANDSAT data acquired
by sampling "fields", one an autoregressive covariance structure and the
other the hypothesis of exchangeability. A minimum entropy approximation

- of the first structure by the second is derived and shown to have desireable

properties for incorporation into a mixture density estimation procedure.

Results of a rough test of the exchangeability hypothesis are presented.
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!

1. Introduction,

let X = (XI/"'/xn) be a random d x N matrix having a normal
distributién in RdN.

1
t

Yi of X are the multispectral measurements from the set of pixels in

a field randomly chosen from the set of all fields of a particular size

In the application we have in mind the colurns

N and in ; particular crop class. The ind€xing of the X designates
the dictxonary ordering by line and column number in the image. Since
there is a high probability that Xi and Xi+1 come from spatially
adjacent p1xe1s, the columns of X are not epected to be independent.
We will cons1d°r two hypotheses concerning the cnvariance of the x

In each, tbe process ?(Xi}.= is stationary with unknown mean yu and

).

covariance function T(h) = cov (Xi.X

1

i+h
. ! . . L h
H1: {Xi} is first order autoregressive with T(h) = Q°A'"'q?,

where ded is pos1txve definite and Adxd is symnetric with spectral

radius less than 1. That is,
|
x ,

i+1‘u=8(xi'U)+(i

| VU
where B ? QAR K and e,, *** are independently normally dis-

1’ * ON-1
i |
tributed with mean 0, and variance-covariance matrix (I - Bz)n.

H2: {The r.v's 'Xl, RN XN are exchangeable; i.e., the dis-
|

tributioniof XQ is the same as that of X for each N x N permutation
matrix QE In this cgse. rqo) =y +xc and T(h) =& for h#0,

where ¢ land ¢ + NI are d x d positive definite symmetric matrices.

t !
H2 iﬁp]ies a number of things about the distribution of X, some of
‘ 1

o

vy ranny Doy

| e

lur.'u..]

pomaney oy | Gominas | [ 2y 1 B g

S

P ]
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OF PO .
which are listed below. OR QuaLITY

Theorem 1. If the distribution of X 1is normal and satisfies H2,
then
(a) the distribution of XW is the same or that of X for each
W in the group 0& = (M| Hx is orthogonal and HJN = JN}.
where JE = (1,---,1)1xN;

bt Es Ty T, . -
(b) if PNx(N-l) catisfies P'P = IN-l and P JN 0, then y = XP
has columns O R which are independently distributed as
_ N
Nd(O.w); furthermore the statistics X = % L X1 and
N i i=1

S= £ (X - DX - D) are independently distributed as

i=
Nd(u.x + %w) and wd(N-l.w) respectively; (If 71’ is a family
of normal distribution of X contafning NdN(O.I), then (X.S)
is sufficient for 4], if and only if each member of ¥ satisfies
H2).

Proof: Both (a) and (b) are easily obtained after writing the
, T Ca
covariance of X as T =¢ @ IN +r@ JNJN' The t assertion is
proved in [ 1, and depends on (a) and the fact that (X,S) {is a maximal

invariant of OQ acting on X as it does.

2. Approximating H1 by H2,

Suppose the density f(x) of X actually satisfies H1 with
parameter values u, @ and A. In this section we will show that , in
a sense, the ?;g; approximation to the distribution of X by one satisfying
H2 is obtained when 3% 1is nearly proportional to 1/N, for large N,

This is plausible, since the average covariance between pairs of distinct

colurins under the Markov assumption is 0(%). see [ 1. The method of

T Y g TERTRTR O mmﬁmﬂ)l' v :meﬂwﬂﬂﬂm

e RN
\

1
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approximation we choose is to minimize the relative entropy OF POOR QUALITY

H(t, 1) = “£d" (10g -’f;-g;;, Fx)dx

e

where ?(x) is a density function satisfying'with parameters v (the mean),
Y and I . The entropy H(?, f) is weakly related to the L , distance

by the following inequality, which {s the sharpest we have been abl& to find.
The proof is essentially that given by Geman ([ 2 in proving that H(fn, f)
+ 0 implies that f’: |f - fnl + 0.

k

A
Theorem 2: Let t and f be arbitrary density functiomson R™ and let

¢ > 0, Then

1 A € A
-z-flf—fl dx ¢ ¢ + T Tog(TrT H(f, ).

Proof: Define g(<) for ¢ >0 by g{c) = 2——_]—39(1—;(—)— . Then g is

A
positive and strictly decredasing on (0,»). Therefore, for ;—- 1s¢,
i £ £
T-l < g(r)l~f—-1-1og?] and
A A { L £
%jlf-f|= f(f-f) = L J ({r-l)f + j ({--l)f
A
R" £ 0<f-1sc¢ §-1>c
?
< f (-f;-l)f + g(e) f [‘?"1“109‘{]f
0.4 ?
<?'-15c ':‘r“l>€
+ g(e) | ? 1-1 7 f
s« 9(e) ;1 -1 - Toge
Rk

B
)

[ |

| i | [ it | | i |

| Ty }
d

’Mj

[
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E
s e+ stamu(t, ). QED.
i N

H | = .1_
Lemma 1: If X = (x,l [ Ry y setisfies Hl, and Y= § I X,

t=1 "

i N T
i S =§ I (x - Y‘(X - X)
f j’l

then (ai e = u
| L3 -1 -2
() cos(D % (- A) (14 A MI-ANIR
; 1
; -2 1
(c) &l5) = Nn - (1 - A Yren - ﬁ(x - &) AL - A

Yo

l f
Underi H2, the log likelihood function is

N ; i
logf !(x) = - N—z-i Togly! - %-MglRl - -la-tr ¥ Is

I
- %‘ tr R'I(X e RO LN

%

when R = l + NI . By taking expectations and then differentials with respect

1
to the parameters, one sees that the maximum of Efﬂog ?) is achieved when

;

v b &M
|
g+ ovf(i) + -:TEf(S)

-

¥
i

cavf(f) ; —N-m——}_—ﬂ—— E.(s)
l

Combin'ing, these res.ults with Lemma 1, one has the following theorem.

':

|
i
I
i
|
|
|
I
r
i
I
1
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Theorem 3. If f in a dN-variate normal density satisfying Hl, then the

A A
normal density f satisfying H2 which minimizes H(f, f) is the eurowe

for which
v = U
3

N 1 -1 -2

Vs RTIR WSTO oA (1A - B - M) (1 - A
1 , 1

1 2 -1 2 -2 N2

i=ii—:-i-§![(l"n) (I+A)‘ﬁ‘A(1'A) (I'A)JQ'N_:—TQ

Notice that ¢ + £ =0 and that R= ¢ + NI

1 1

-2‘ -1 2 "2 N ?
= g [({I-A) (I +A)- E'A(I -A) (I «A)yq 1is always positive
definite and i8 effectively independent of N for large N. The corres-
ponding maximum value of Ef(log £) s

A N-1 1 Nd
€09 ) = - === log|y| - 3 log|R| - =5 .

For large values of N, this is nearly

A -1
egllog )2 - % logl| - % Tog |{I - A) (I +A)| - ﬂ%

Under H1,
log f(X) = - % log|n| - N 5 1 Tog]I - Az[ - % Q(Xx),

where
1 ] . 3 q
om0 2 e+ tre 20 - A a g (xepT

Q{x) = tr g ¢

1 1
N-1 - -1 - T
P A R .
2 o troe AL -A%Y « (xjfl - u)(xj -it)

j=1

:;ﬂ L—-_-_‘_-, l._:_-:'._«! Im-' :-—.—u, By

[ =T Y |
-t

-y S §
e d PR
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1 1
N"l -2. n "‘1 ) T T
+ jzz tr (1-A%) (I+A) e (X -uX-u).
HE!'ICE,
N N - 2 2,712
€ellog f) = - 5 logle] - 5= log|l - A]- tr(l - A} A

-1 -1
s -0t -8 8 - M52 (12 8% (1409

- ;-loglnl - ﬂni—l log|1 - A%| - E% .

Therefore, for large N, the minimum relative entropy is
Mk, Az - N5 1, . b
» fI2 - 25— og|l - A®| + 2-109 (1 - A} (1 +A)].
One might think that because the inequality in Theorem 2 is symmetric

A A A

with respect to f and f, the f minimizing H(f, f} should also be
A
investigated. Unfortunately, H(f, f) does not seem to have a minimum
A

for all values of i, A, u. We do not know if H(f, f) can be made smaller

A
thun the minimum value of H(f, f).

3. A Mixture Density Model for LANDSAT Data.

Suppose K fields are sampled from a population of fields representihg
in crop classes in proportion 1* ....u(m {these ar:d:;:‘areal _proportions;
rather, they are the probabilities that a randomly related field from the
population will belong to the given classes.) The sizes Nps oen Ny of
the sampled fields will vary; however, we may suppose that the population
is suftably restricted so that each Nj is independent of the crop class
and spectral data from the associated field, except to determine the di-

mensions of the data matrix corresponding to that ficld. Let Pps seen By
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and x°, +- , X be the observed field size® and cata matrices and suppose

the cléssification of each field is unknown. Then the log-likelihood

functidn for the given cbservations is

! K K .
1= L logP[N=n,1+ I }log z a f](xJ | N=n.}
A C S MR 1=1 J
where fi\x | N= n } 1s the density of XJ given that f1e1d is in the

Ith class The density f is of the parametric form associated either

with Hl or H2, ;He are interested in estimating the parameters (par-
t1cu1ar1y the a s) by maximum likelihood. Although he have almost no
emp:ricai basis for believding so, we consider Hl more realistic than
H2; however. we know of no computationally efficient way of maximizing
the 11kelihood function 1 under H1 (see Fuller [ ) for a discussion
of the d1ff1cult1ed involved for even a single class). Even with H2,
the 11Lel1hood equatlons are difficult to solve and the EM algorithm
has n051np1e formu1at10n unless one assumes that for each class the pa-
rameteﬁ I s a constant times %3 In this case, the likelihood equation
take oq a simple form and are easy to solve 1terat1wf1y [ 3. If HZ s
taken serious1y, as in the random effects model suggested by Feiveson

(see { 9) there ia no justification for the additional assumption that

L= E. If, howeyer, one regards Hl as realistic and HZ as purely

[ ?

the nos; general fepsib1e covariance model for purposes of estimating the
1

ujs, then the discuﬁsion in section 2 shows that the additional assumption

b
L= ﬁQ, is reasonable for approximating the true densities, at least for

large fHe1d sizes Z N

: 1' T 'N
}

K

Bt Busstard [ S sty

[Z ]
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4, Testing the Hypotheses.

Hypotheses and H2 will be subjected to several tests and the results
discussed in a future report., Wz remark that 1{kelihood ratio test for
H1 and H2 against all normal alternatives would be difficult to im-
plement because of sampling difficulties, large dimensionality, and the
aforementioned problems in obtaining MLEs under H1l. We have conducted

an informal test of HZ based on part(b) of Theorem 1. Llet the data

matices from a sample of k fields be Xl. . .Xk having dimensions

d x Nl'.”'d X Nk' Let Pl'“"PR be any “’l X (N1 - 1) matrices satis-

fying the cond1tions of Theoren I(b) let y' = X"P1 = (yil---lyﬂi_l)
-da-1 i

1.
and let F ————3-———{y [ i (y )(y ) T yl Then F1 has a central
F distribution with d and N -d -1 degrees of freedom., Under the
hypothesis M3 stated in part (a) of Theorem 1, this result is entirely

i

independent, of the distribution of X, and follows from results of

David [ ] showing that the exact distribution of Fi depends only on the

riqght spherical symmetry of Yi.

However, H3 1is stronger, in general

than H2, except under normality. Table 1 shows the number of Fis which
féll in the upper and lower tails of their respective F distributions

and the associated xz statistics for 216 fields from LACIE segment 1645
and 57 fields from segment 1633. In point of fact, the "fields" represented
in Table 1 are those produced by an automatic image segmentation program
{AMOEBA) and may not be representative of real agricultural fields. The

Xz statistics are significant at levels between 10% and 20%¢ so that

Table 1 provides rather weak disconfirmation of H2.
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A Hypothesis Test for the Rank of the
Minimal Linear Sufficient Ltatistic

Richard A. Redner
and
William A. Coberly

Department of Mathematical Science
University of Tulsa

January 28, 1983
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CONSIDER THE CHANGE OF VARIABIES
e
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B rs syFFrcrewr FoR {58 IFF
’f(ﬁf‘l‘): .;""I [zo,0,-n,
v () T
A T T"'

W HERE P = 3 (BB") B




. ———_ ———— e g = .

1o | ORIGTiAL PAGE 1S
OF POGR QUALITY

CORO(LARY AR FULL RANK K¥n MATRKRIX
B IS SUFFIcerEvT FoR [}ch‘;: TFF
TH‘\E SPAVN COF THE RoWS OF [R Cow 7ATYS
M AWP THE CcoLuMiFs oF _/I;—z FoR

=1, -~--, 2.

proor  RaneE (P=BT(BBT) B)
= SPaM § Rows oF B¢

TTHEOREM. A FUiL RANK Kxn MATRLY

ey

B IS sufFFrcrewr FOR §35:{. IFF

THERE IS5 A CHANGE OF VARLABLES
Vo H 2 SO THAT

Ko w (2 (2 2))
n. OR,_'

IS PURE KoeTATL oN

¢ LS kx|
TS KyK POSITIVE PEFLNITE

WHERE

S 31T

~
~

e i T e e T P

=

-

= e 23

[ e ‘ Y -.u, :-./.. ' g-'.’—fj

-
i

W anean g

[

P |
———

—

-y
Pe——

PO ]

Fapae———

——



i " _ *
‘ emanitl FASE 13 141
ﬁ OF POOR Q'JALlTY '

proog LET H BE A ROTATIZON

WHERE -
| pt (n;-I)=0
': D‘L (%‘Jt):o
! “; D'L.ad?‘ O i
THEN | HHA ( ';‘)= (, i
ﬁi : 0 M ny
|




I i B et e ala R e ] -:-r'v*-’

142

H
o —— H

ORIGINAL PACE 1Y
OF POUR QUALITY

COROLLARY A FUie RAVK Kkxn HMATRLX
IS SUFFICLENT FEopr Z&@ﬂ: LFF
THERE £s A CHAWNGE OF VARIABLES

2= HP " (x-x)

S6 THAT

(5 (50)

ANP WHERE H IS A RoTvATION

NVOTE : w. .o 6 ASSUME £ /1A
ORTNHOCONAL KOw)




r— ey
" . . [l

[rA——
] .

143
0T ig
ALITY

TEST OF HYPOTHESLC S ORiamy A
OF 'o0oR ou

. Mo g
Grviw $§iXe;d §., we percve THE
LIKELT HOOW RAT L0 CRITERILOMN FoR
TESTIWNG THE HYPOresrs

Ho: T A RANK Kk LT WEAR SUFF, STATISTIC
THE TEST STATISTLC wredl RY
L, g eetue LTG0 )
. .5
Afe L<Z‘“‘.i'ﬂ“.;¢'=o)

Y =

2
WHERE Y 8 ASSYMprorrcAlly X
OBSERVE THAT IF WE HAVE A RANVK
K (ZNEAR SUFFICTENT STATIsTIXC
THEN _ y o
[
C . Y 7L © /3
Aoz Y (om)’”'
WHERE R, = T

BV
H = ,3) IS A Ro TATEL ow

R TS SUFEITLcrem7



144
L=~

‘l c*0

e

- 2:

L=

WHERE 5‘. -

X, =

OPTITMIRZE OV
!

orCIMAL PACE 1S
OF POOR QUALITY.

i
Fuvcrrox TS5

Fwe A(A'S)

KELT Hoo D

ve & 0l G-t )(Te-ti)”

A

ﬁ-'-/-t Z (Xt) X _)(XL] Xt)
)’—

1 g"x .

Aft‘ )._’I l-)

|

| o

i v r" ()

No=r%HT

I
i P

ER

¢TI

1
i

VEV /!

it a  d s ek

ln-!,.:_l

-

3]

B o=
,————

[ )
[

[
————



' . . ' r""""! Wy

ORICINAL FACE 15
OF POOR QUALLTY

Bkt i A

145

L(N,B,5): Ml Al-3 Z M bulBAS ATBT/

=
[ p - . Yy
-iNK-3: L (BEATABT)
wHere T =wWSs+B8SS

.A—': f'-% ((fL _A-AT: /_'-l).

_/L,B,év




146
DEGREES OF FREEpoOM

ORIGINAL PAGE 13
OF POOR QUALITY

/. A ni{nsl _
2
2, B k(n-k)

3 s MEANKS ffl,,’;‘-,_b .K (M+IJ

Y GRAVD MEAV y n-K

5 (m-1) 5.1 $R:]z, (m—/)ﬂ—,’fﬂ

D .F S sSuM

(K#i)n + (m - Kk)K

WHICH AGrees wrriHd RAO

athand

ot B = |

.._j R 1 Y ! .1&-—, [ ey ’ | EE Y ’

——

e iy
"




————— . I [ e amme— e o

C?onpu'rgze LEMPLEMENTAT FoA/ W
.,
L perPENDS ON B UP To THE

- SHAA/ OF THE Rows OF [

I
TF H Iji A RoTAT LON

-
I.l

'
! ORIGIAL P72 15
‘ , OF PGOR QUALITY
!
L ;
i i
|
i
| i_




148

g

e e —————— e e =

ORIGINAL PAGE 14
OF POOR QUALITY

2
' K ks F\.
!
N =
K
K+l
oL L’
ri

L7 K EEFECT ONMLY Rows Kl — mL
9 <K rAKE LTNEAR COMB. OF
'Rows | - K
1¢(<n VEEDEr TO COMSTRVCT - 1S
K+icy £

Lot | [ oW ] [y Buatna § [F

Smmey

S



e g —————

O e b e i cnconh i Yoo it |

STARTITVG VALVE § ,
7 -
A AT = W Z (e =X N Xoy - X, )
J:
_A_J_r = hﬂ’_/— IZ:A/L -St.

Pe. 2

FLTwaLrY, F A TS5 wvor
UPPAT EFr THEN ONLY O
'S EFSrrmatE.

V24 IS bverrvew FrRoM
Kin-k) Pagamercprs

WHTcH TS Smalt WHEK K TS
SMaALe or CtosE TO 1.

ORIGiiiaL P -

OF POOR QuaLiy




This Page Intentionally Left Blank



e B

Pas—.

1 - e e - e e
X : PR PR e e e T

s
ORIGINAL PAGE S
151 1, OF POOR QUALITY

E An Adaptive Technique for Fitting LANDSAT data
| by
Larry L. Schumaker and Larry F. Guseman, Jr.

Texas ASM University
Preseﬁted at NASA/MPRIA Workshop: Math/Stat

j Jan, 27 - 28, 1983
| |

E Abstract
| |

Pin this présentatiOn we discuss some preliminary results on

an adaptive scheme for segmenting LANDSAT images. The 4dea of the
atgorithm is to first fit a mixture of normals to the measurements
in each channel to determine the number of classes represented by
the data along with the mean values and variances of the measure-
ments associated with each of these classes.

EThe information from the first stage is then used to adapt-
ively compute a least-squares fit of a piecewise constant surface to
the data. The resulting segmentation locates and labels the fields
in the' scene, and .immediately yields a geometric estimation of pro-
portions. Several: numerical experiments are discussed along with a
number: of suggested research questions.
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| FUNDAMENTAL RESEARCH DATA BASE

At the request of DOr, R, P, Heydorn, a fundamental research data base has
been created on a single 9-track 1600 BPI tape containing ground truth,

fmage, and Badhwar profile feature data for 17 North Dakota, South Dakota,

and Minnesota agricultural sites. Each site is 5x6 nm in area. Image data
has been provided for a minimum of four acquisition dates for each site.

A1l four images have been registered to one another. A 1ist of the order

of the fi}es on tape and the dates of acquisition is provided in attachment 1.

Attachment 2 provides 1nformation on the format of the ground truth tape
and a table for each year to use in interpreting the information on the
ground truth tape. Ground truth codes vary depending on the year. Like
the Landsat image files, ground truth files cover an image 196 pixels wide
by 117 Tines long, but the actual size of the ground truth image is 392
pixels by 234 lines. The reason for this difference is that there are

six ground truth subpixels for each Landsat pixel, as illustrated.

j f

! ‘ Ci | €
C3 | Cq _
: Cs | %
Laﬁdsat Pixel Ground Truth Pixel

The symbols. C;, C2, C3. €4, Cs and Cg represent the ground truth crop code
for the various sub-parts of the Landsat pixel. We typically use a plurality
rule to decide on a single label for a Landsat pixel.

] '

All files are stored on tape fn universal format. Image files and Badhwar
profile feature files contain four channels of data, but since three Badhwar
profile features are provided in the feature files (t , G, and Gpay)the fourth
channel is always zero., The format for image and pro?ile files is the same
and is provided in attafhment 3.

| mct [ 72~ inrenmonatcy s
PRECEDING PAGE BLANK NOT FILMED

I
i
|
: ]
]
]
!
i




File Type Segment Year State Acguisitions (d
95 MR i 04

6 10
11-15
16-20
21-27
28-32
33-37
38-43
44-48
49-53
54-58
59-63
64-68
69-73
74-78
79-83
84-88

89-94 -

174

Image

File
9
96
97
98
99
}oo
0l
102
103
104
105
106
107
108
109
110
111
112

1394
1531
1537
1544
1553
1566
1619
1636
1650
1653
1663
1676

1755 .

1784
1825
1899
1920

e

78
17
78
78
78
78
77
78
78
78
77
79
79
78
78
17
78

Se%ment

1394
1531
1537
1544
1653
1566

1619

1636
1650
1653
1663
1676
1755
1784
1825
1899
1920

ND
MY

MT
MT

ATTACHMENT 1

120
112
122
104
122
115
122
135
156
136
121
120
120
133
133
122
101

174
129
141
122
194
133
140
154
191
154
138
16%
147
169
196
140
136

File

114
115
116
117
118
119
120
121 -
122
123
124
125
126

122

128
129
130

ORIGINAL PAGE 19
OF POOR QUALITY

Julian Date)

211
147
159
140
203
169
158
190
209
155
156
184
166
196
206
157
139

2ée
220 238
184 22C
194" 221
158 176 221 230
211 220
196 232
175 176 230
207 226
218 236
191 208
174 211
211 237
184 220
223 241
223 224
175 193
209 217 236

1394
15631
1537
1544
1553
1566
1619
1636
1650
1653
1663
1676
1755
1784
1825
1899
1920

Two end-of-files
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ATTACHMENT 2

3.2.1 HEADER RECORD
The Header Record is the first record on the tape and contains
3060 bytes (8 bits per byte). The record is zero filled except

for those bytes listed in the following table. The values’
contained in the listed bytes are all constant except for bytes
61 through 63. The attached tape format contains identificaticn

Header Record is contained in |attachment 3.

Byte Value Bvte  Value Byte Value. -
61  Day 96 1 111 120
62 Month 97 ~120 1778 1
63 Year 100 2 . © 1786 1
81 -128 101 28 1787 1
89 1 104 1 - 1788 . =120
so 1 i 106 70 S
‘81 g = 109 1l -
i 1 D owme. xd T  aE

Each video scan line is 504 bytes long; a 2-byte record counter, a 70-byte

ancillary block, and 392 bytes of ground truth (two of the six subpixels for
a 196 pixel scan line). It takes three video scan lines to complete one

scan line of ground truth. See the following page for diagram,

The description and format of the

ERNS . . — .
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Each video block will be the same number of bytes in length. If
this tape contains raw data the FCM sync words asscciated with

the vidco data, if any, will be included, with the video data on
this tape. . If this tape contains processed data, no sync words

176

will be present. ;

{
i

The arrangement of data for each pixel is shown in the following
diagram, Data for subpixels 1 and 2 for pixel 1 is found in
bytes 73 and 74 of the first data record. Data record 2 and 3
contain data for suppixel 3 through 6 in the same format as

record 1, | !

:
73 74 715 76

Record Byte
| ) X . P .
2 - . .
3 L ] & -
Pixel
1

P e e e e e e e o e o S i ey e R cmmnn,

-y

L R N

.3

S M i et s e o g .
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[ OF POOR QuALRTY" - - REPROYED $7E0L LIST =
' . ITH€ R 1927 N _,‘
S “ o SRR
‘ & & & Q S &R &<
< < 2 & & & e S &
& &’ s & @ & & &
! o & I S ¥ ¥ ST ST
< A o ¥ -
A ALFALFA - €0 15 140 165 | 190 215
E B DARLEY I 01 126 151 176 201 226
' Bl  BEANS 19 M6 | 141 | 166 191 216
i C.. CORI .. i 92 117 0 142 167 192 217 .-
R COTTON i m 136 161 |. 186 211 236
I (FO . FLAX : {103 123 153 178 203 228
, 6  GRASS 105 130 | 155 120, 205 230
H  HAY : 106 131 ! 156 181 205 231
I e o cover oo ! 252 - - - - -
‘ 17¢57T  IDLE CROPLAND STUZRLE . 251 - - - - -
I I/F IDLE CROPLAND FALLOY 25§ -~ )} - - . -
. . IJRE  IDLE CROFLAMD RESiLUE 253 - - . - -
]' M MILLET 112 137 | 162 187 212 237
: NI MOURTAINS 241 - - - - -
- NA  KON-AG 242 - - - - -
i (@ - oats 104 i 129 154 175 20 | 229
T P PASTURE 107 132 157 183 207 ;232
i P PRO3LEN FIELD 80 - - . - -
. @ RYE I A 177 202 227
l S6  SUGAR BEETS o8} 123 | 148 173 195 223
_ SF SAFFLOWER | 93 ns 143 168 193 218
i $6  SUDAN GRASS a5 120 ;145 170 195 | 220
SR SOS64UH o6 | 121 | we | o | s ! a2
r U SURFLOVER VI IR SN VYR B N N U S A 2 I
B G SPRING WEAT j10 125§ 150 | 175 200 225
SY  SOVBEANS o7 ! 122 i 147 172 197 222
T TREES los 133 : 158 183 208 233
el o T TRET4ICALE 109 ° 13% ! 159 184 209 233
i Ve VOLUSTARY MHEAT nmo ! oass D oveo | 1ss | 2t 235
o Q) unmem A teg 4 149 | 100 224
| * WATER 1290 - |- - - -
X POVISICAG 250 -} - - - -
l- RTIRVOTEN T MR s 4t : t
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v e et 1978 :
* e-hanges from '977-1578 Codes
1-30)
20 [prodle- Fie :pg_}__l
50 |arfaree (n) 15
o1 |sesns () | e {43 66 | 151 | 216
92 |corn €y | 7 ez }er 192 | a7
93 |[Safflower (SF) | 18 | 143 168 | 193 218
0 lsunflower  (SU) | 119 fras | 1es {19z | 219 ORIGINAL PAGE IS
{95 [Durumwnzat (DW) § 120 | 145 170§ 195 220
96 |Sorghum (SR} | 121 | 146 171 | 196 221
97 {Soybeans (sY) | 122 | a7 172 | 197 222
98 {Suser Seets (SB) | 123 | 143 173 | 198 223
o\ luinter wneat () | A28 | 149 ] 174 | 199 | 224
. hoo Vsmng wheat  (SW) J125"* Fiso s oo {225
(131 soring gartey (85) |1(028) [ 151 | (378 | 201 )
102 Yzye w® iz | wr [202 |27
103 [[Flax (F) | r2s Y153 | 178 | 203 | 228
124 Ysoring 0ats  (s0) | 1297} 15a | 179 | 208 | 220
105 [fFall Oats (Fo) | 130‘f 135 180 | 205 230
TN e sarrey  (8) J3T) [ 136 {8 | 206 (5T
) \E; Cotton (ci) {-;2-
108 | *Peanuts (PN) 133
159 |» 134
na |+ : 135
o111 {Grass (G) .
CrHe i-.‘a'l!.), S::da(nscl'z)ress . l-li%;iuéz
*11i3 {oastyre {F)
1N Trees (T) 136 | * ;'?Juf‘;‘ﬁ‘ 152| vl £
1 137 rS.‘ éf-nir. RS
.__.._..l'_-?_:..c_. Water (%) 133 *l.".r-lnligirlrﬂa;” *
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Attachncnt 2 to Fcf
1979 Croo Year Keys en

642-7665
d Dalineation Codes
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Crop e rop 4bandoned Crop Harveitad
Crep Yype Key l[Crop Harvest q Crop . for Silege
- L
Alfalfa . i AH 01 151 - 200
Buckwheat | BW . 102 152 202
Barley : 1 Bic 103 153 203
Clover f : CL 104 154 204
Corn : [ 105 155 - 205
Cotton : : (o 106 156 206
* Dry Bean ' o8 107 187 207
Durun Wheat o 108 158 208
Flax 1 ! FX. 109 159 209
" Hillet ; ; ! . 110 160" 210
Dats ! i 0A - m 161 . 21
Peanuts i ; PE I 12 162 : 212
Potatoes ! P0 113 163 . 213 .
Rice | | R1 I 114 164 - 214
Rye ; § RY 115 165 , 215
Sugar Beets ° | 8 |l 116 166 ‘ . 216
Suger Cane i ose | N7 67 217
Safflower - SF 118 168 218
Soybeans ! o S0 I 119 169 219
Sorghum : : SR | 120 170 ° 220
Sunflower | Il su 121 171 - 22)
Spring theat! Sd 122 172 222
Totacco ' : 18 123 173 <223
Vegetables | VE 124 174 e 224
‘Winter Ynheat. ’ Wl 125° 175 « 225
Small Gralns/Strip Fields -- 126 176 . 226 .
| ] 127 177 227
* } a 128 178 228
Grasses ] ’ GS: | 1A
Other Hay . Tjoif 132
Ovchard/Vineyards o] 133 .
Pasture . JPAL 134 . .
Trees, E TR:| 135 ”
Yater > 5 acres WAl 136
Non- Agrlculture XXt} 140
1dle Land/fFallow IL' 231y
Previous Year ]
Res idue/Stubble R 1} 23
Mixed Crop in Field {M | 233
Problem Field : }a9 i -
Hon-Inventorijed Land .1 255 . .

! ;

*Open--to Sc:aqS)qned as‘ncedcd {through code 130).
lthugh lag.“ldl through |150, 131 through 200, 223 thropugh 254.

1
i
é
| |
!
!
i

P

" Other open codes 1nclude 137
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- .
1-32.
€33-34
~39-52
$3-60
61-63

n-12
73-80

73-T%
15
76

- 8
19

8o

. 81-88

R

8
82-88
89

‘90

ATTACHMENT 3

ORIGINAL PASE I3
OF POOR QUALITY

UNIVERSAL FORMAT TAPE HEADER RECORD FORMAT (3060 Bytes)

CONTENTS

LACIE VLDPFB...3

poevend

PYYDDDHRSISSTH

ERTIYSSEwe B

00000000
Q0000000

11110000

. DESCRIPTIOH ,

Cozputing systems id-EBCDIC
6-digit unload tape nunber
RUNID (E3CIDIC)

Sensor id-£3CJIC

Date of this tape generation
Pay of zonih - Sinary

Month nucber -~ Binary

‘Year - last 2 digits - Binary

Dafly t=ve seriel number - Bainary

- ERTS nissioa nuzber - Binary

i= 7S A

e = IRTS B

Eite - Bina:vy (saample segsent nuzber)
dange 1-5CC0

Line ~ Birary

Run - Binary

Orbit nuzver of new data - Binary

Tme of first scan in this job {fer LACIZ
thie is <the tize of the center scan of the
"ERIS scene centelrning the semple segrent
to the last tea seconds)

Tenths of secozds x 1000 - Binary
Seconds - Birnery

Minutes - Binery

Hours - Einary

Dey of ponth - Binary

Month nuzber - Binary

Year - last 2 digits - Binary

Baads active in 4his job, 1 bit per band
deft to right (153 to 1S3). Video dezs
alvays a7pears in the order indicated
here. 1 = active.

Bands 1, 2, 3, U active

Bands 5-64 not appiicable to LACIE
Processing flag - rav data ~ Binery
Rumber of bands in this Job - Binary

-J

[ V]
.

g B v

g Pomd Bt Ged e} Pea] ed Bt By

RO |
e e Y iy g G i s Ak s ke

S |

,'

enct s bt b iR el i T M L - et il A nsets
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BYTE

92-93.
9k-95
96-97
98-99
100-101
102

i
'
|
!
i\
l
|
]
|

ok
205-206 ,
01|

208-203 |

10-11

212623 !

SLESILY
120-239 |
2u0-2L7 |
248-367 |
368-369 |

t

37C-371 .

rme e S e s o s e

156

900

196

~# H# O 0 0 0

. ORIGINAL PAGE IS .- 181
OF POCR QUALITY

Euxber of bits in a picture element - Bin

Q2dress of start of video data gives loca’
of start of video within scen - Binary

Address of stert of first celibretioa erea
within the scen - Binary '

Eumber of video elements pers scan vithaia
& single tand = Binary -

Nuzber of calibration elements in the first
eglivration area wvithin the scan in a
single band - Bimary

Physical record size in bytes - Binery

. Rucber of bands per vhysical recoré of data

set starting vith the second record of the
date set - Divary

Muaber of paysicili records per scan per
band - Binary. Zero unless the elez=mnts
Pper band is grester than 3X.

Rumber of records to take a corplete data

length of ancillary block in bytes -~ Binery

Date order indicator -~ Binary 0 = video
ordered by bund )

Gtart pixel number number of the firsi

~pixel ver scan cn this taye referesced to
- | 4

the start of the scan - Binary

Stop pixel number nuztér of the last pixel
Per scan oa this tape referexnced to the
start of the scaa - Binary

Coefficients znd exponents-of-tea to lineerly
trenslate parzneter values frea up to 64
bacds o enginesring uniis. WO byies per
coefficient or exgonen: with each pair of
bytes expressed in sigred binary. (4SS e
sign bit: 0=+, 1=-, (Reasining 15 biis
straicht binery).

AD coefficients for bends 1-k
Bands 5-64 not applizabdle to LACIP
ED expcnents of ten for bands 1-b
Bands 5-64 not applicadble to LACIE
Al coelficieat for band 1

AY. coefficient for band 2




182
BYTE
372-373
374375
376-495
%96-503
soi-629

524-687

688-751

152
153

ToN=-1TTT

54769
T70-785
786-801
802-6817
818-1777
1778

17791780
37811732
1183

1784
1785-1186

1787-1788

.}

b 1
0
0
O

To be & pplied by JSC

16

0000050000000600
00000600C0000700
C00G0T0000000200
000C080000001100
0

1

0

T AL coefﬁcieaﬁ for band 3

omumm. ‘PAGE 13
oOF POOR QU

DFSCRIPTION

. .-‘ \-
Al coefficient for bend b -
Bzands 5-64 not epplicable to LACIZ
Bl exponeats of ten for bands 1-L

Bands 5-64 not applicable %o LACIE vrere
for each tand Y = Engineering Uanits, € =
Paremeter Value: Y = A %10%E + CHA
‘.lOIIE

Color code informaticn - oae byte Der
band in saze order as "chanzel active on
this tape" :irdicetor - Zinary. 0 = no
color assignzent

Scele facto— - one byte per tard in saze
order as “channel ective on this tepe”
indicztor - Binery 0 = not active

Offset constant - Binary

"Word size of generating co=puter. Tnis is

the stallest cuantity in bits that the
cocputer cen vrite on tape.

.Shortest and longest vave-length of each

bend - EBCDIC. Eight bytes per lizit, 16

bytes per band - mili ricrons

Band 1 -~ EBCDIC

Band 2 - F3CDIC

Bend 3 - E5CDIC

Bend 4 - EBCDIC _

Bends 5-64 not applicable to LACIP -~ EECDIC

Humber of data sets per physicel record -
Binory

HAddress of start of second calibration
%ithin e scan - Binary

Simber of calibration elements ian the second
eelibration area vithin the scan in & siogle
bead - Binary

~Calibratioa source indicator ~ Binary

Fi11 zero.

Burber of bends ia the first -ecourd of the
datz set ~ Bipary

Totel nu=ter of elezents per scen per band =
Bipery
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1789-1790 3

A791-1791 2

A793-~29k0

2793-2086
20872134

2087-2094 :x 000X
209 5-2.102' :x 000k
- 2103

210k

2105-2106

2107-2109

2112-212¢

a2

2123-2[31

183
Pixel skip factor ~ the quantity to be

to ike nu=ber of the last pizel process
73eld ihe number of the next pixel to b.
processed - Ainary

2 = Process every pixel

Scan skip fecter - the gquantiiy to te zdd
20 the nuober of the lest scan yrocessesd
yicld the nunter of tne next scan to be pro-
cessed - 3inary.

1 = Process every secan

Ceper2) icforzation. Infor-mation in EECDIC
generegted 2o sptisf{y user recuiresients.
Conteats will e uvnicue for each user znd

. depens 2ot only on the senscr, tut elso cn

specificeticns ¢f the user for vwkoo the tape
is generated, Eyies for vhieh user specific
Do requirezeats will contain fill zeros.

Fill zeros

General exnotesion byte assigncent for.ERIS
LACIE

Peak sherpness - E3CDIC
Nornelized seak to background ratio - ZECDIC

Menusl registration flag

0 = Auvtozztic

2 = Menvelly assisted

zero 'il—- f—ab - ‘in;—.ﬂ,

0 = The se=gle seg=ent conizins pbo zero £i11
deta

e Part of the sazple segzent contains zero
1)1 data

Orbit nuzter of reference data set = Binpacy
{not used = 0)

Zero fill

€loud cover - Binary = percent of 10X1), I
search area covered bty clouds

Zero £i11

IRTS scens/frexe id ruzVer for reference 2eis
set « 5CDIC - ADDDERSS (see bytes 2123-2131
for content)

Zero fill

Fleg indicating vhether s reference scenc bas
veen used fo- registration - Sisary

0 * heso't Deen used
-1 ® has been usel

ERTS scerne-f{ra—e id number for nev date-E3CDiC-

ADDDHIZ L




21342145

234-2139
23k
235-2137
238-2139%
2150-2145
ko
21431-2143
2aLk-21k5
2k6-2149

2346
ity ]
248
21k9
2150-2156
257-2170
21572162
2163-2164
2165-2167
.2163-2170
2a71-2118

2179-218%

SUNPZL

Sun elevation -
- ®AZM . EBCDIC

' ORIGHNAL PASE 13
IZSCRIPTION OF POGR QUALITY
A = ERTS nis:ios nuzber

DDD = Dey number reletive to launch at time
of observation -

ER = hour n\ tize of observation

¥M = picute at tine of observaticn

B = tens of secoads at tize of observetien
Zero £i11

Date quelity clessification
0 = acceptedble
A = sarginel

‘Center of sample segment = Z2CDIC right

Justilied and padded with zeros
Latitude

®R" = Yorth "3" = South
Degrees - integral

Minutes -
Yongitude
"EN = FEast; ™" = West
Degrees - integral

tegral

Minutes -~ integrai

Band sync status - Sinary ~ the nusher of
lines for vhica symz could =ot be rcaintaired
during pre-processing by band

Band 1

Band 2

Band 3

Band 4

Zero fill ,

Sun engle - EGCDIC

“SUN EL" - E3CDIC

tegral degrees ESCDIC

Sun eziouth - integral degrees - ESCDIC

Fize and date of last update %o controlling
inforzation - EZ3CDIC - YDDDHilI4

Zero £il1)

) TR o . 4 Y N 4

P

TP . S
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BYIE

| ]
$2201-2202
*2203-2204
#2205-2206
#2207-2208

25512642

2643-29%0

| 26U3-2658

%26L3-26L6
$26u3-26L4
826452646
#26%7-2650
026472648
¥26u9-2650
26512654
26522652

'f?653-265h

82655-2658

82655-2656 .

42657-2658

CONTENTS

VESCRIPTICI  OF POOR QUALITY .

YYDDD

YYDDD
X
YYDDD
X
YYDDD
X
0

Sun angles ere 2 byte binary
Sun angle for RSIC chansels 1-%
.bun angle for RSZC chensels 5-8

. Sun asgle for RSIG channels 9-12

. Sun engle for LSIC cheanels 13~16
st acquisitica date (characters)

. Averege s50il greemness for lst acquisitica

{binary nusber)

2nd acquisition date or blanks

Averege soil greenness for 2z4 acquisitice,
3rd acquisitios dete or blunks

Avercge soil greezness for 3rd acquisition
%th ecquisition éate or blanks

Aversge s0il greenness 1or 4th scquisitica

General znnotztion byte assigrmaenis for
the cyber at J5C

-Generel amnotesion tyte assigrn=exts for the
productioca fiim coaverter

Blas fectors and scelipg fzotors - sigred
Binery. four brtes par channel, vwhere first
tvo bytes = bias Tactor; seccad tvo Lyies =
sealing factor. Zzeh faster has an izplied
decirmal point to the left of the least
slgnificant decizal éigit., If MS3 =1

the f{uctor is rnegative, i the }SB = D

the factor is positive.

Channel 1
Bias facto:
Sceling fzctor
Chanpel 2
i lj.as, ._:@‘act.or
-—_Ecdjngvta.c‘:.or
iCoamnel 3
. Bles fa;:tpr - h
- Scllziﬁs factor
~ Chanpel &
Bias factor
Bealing factor

e et -
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BYTE CORTENTS
#2659-2606 : .
' ORiGINAL PASE 19
2138 OF POOR QUALITY
21,9 b § '
027602783
27842189
2190-2792 ©
27193-279% 0
2795 b |
2196 0
2197 b §
2198 0
2199 2
2800-2307

<800-2801 11110000 00630000 (1 acq)
31111111 00020¢20 (2 acq)
23111111 11116520 (3 ecs)
21111331 1131111 (b acq)

2802-2607 ©
20608 0

2B09-2824 @

2809-2810
2611-2612
2813-281L
2815-2816
2817-2918
-2819-2820

Bias factor and scelinsg factors for
¢hennel)s 5-16 in the same formet as asbove.

X thousand scen lines per frame - Bipary

User 1D

. .Blenks

Altitude in zeters - Binary
Ground speed in MET/SZC = Binary

feai: Type - 3inary
00000000 = Faw data
00000001 = Szocothed data

Angle of AZC in degrees - Binary

Cenera -~ 3inary
00000000 = TO k24
00000001 = S inch

Input device - Binary
00000200 = 9-track
00000001 = high density tape

Truncetion

0 = 2 lov order hits
1 = 2 hign orcer o'ts
2 = po truncations

Channels requested. 1 bit per chennel -
Binary

Caennels 1, 2, 3, 4 requested

Channels 16-64 not appliceble for Unloed

Processing rade - Binary
00000030 = serizlly
00000001 = concurrently

Density for eight saturated colors - two
Yytes per satureted color - Binary where
first byrte = lov inteasity level of the
reange; ceconé oyte = high %he range of the
Intensity level is O to 255

Red density zenge
Blue density range
Green density range
Magenta éensity range
Cyen density range

Yellow density range

- st S Frois B ey B o

Hetows I RN

|

(X
[

-

———y
—r—

CRr—
bt =

m———y
" ——
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Brre
2821-2322
2823-2824
2825

. 2826-2373

2874

2875

2876

2017

26878-2681
28718-2679
2880-2881

2882-2883
2884
2885-23886
2885
2886
2087-29%0
» 2941-3000
3001-3060

DLSCRIFTION
¥hite density range
Black density range

Filo processing fleg
0 = Process this {ile
d = Skip this rile

Fi1l zero

Color select® - Birery
0 = lio color

1 = Assigned color

2 8 False color

3 = Ssturated color

Inege forcat* - Binary

‘0 = Single image

1 = Enhencesd images
2'= Avut imiges

3 = 0ffset images

Repeat of pixels jer scen -

0 = lNone

1 =1 repezt
2 = 2 repeets
A = n repeeis

" Repeat of scan -~ Binary

~ CONTERTS
Jo be supplied by JSC
: :
! :
0 i
o |
|
0 |
|
{
6
| ,
j !
i
i
i
|
é 0
;lo
0
s
10
!
i
0 L
| LACTEANDPFB.0 B |
) '

|

i
1
!
i
!

0 = none
1 =] repeat

‘@ = 2 repeats

D ™ n repeats

Partial scan ~ Binery
Btart pixel nurber
Btop pixel numter

(If bytes 2787-2861 contzin all zeros,

187

ORICINAL PAGE IS
OF POOR QUALITY

Binery

full scan is expected - not partial) {

Sensor scan rate io scans/second ~ 3inery

Pixel size « Binary
Argle of drift - Binary
: integer degrees
Frection

Fi11 zeros

Title ~ user designeted 1deatii‘i;:ation
F411 zeros, mzkes the recor? an.integrd

nuader of ccmputer woris,
Bbust never contain data.

Zhese br_t.es



188 | ORIGINAL PAGE 19/
OF POOR QUALITY

3.2.2 DATA SETS

The data follows the Header Record and is arranged in data sets,

" A data set is defined as the ancillary data and all of the video

data for one scan line for all active channels. Data sets are
recorded in variable length physical records containing a

maximum of 3000 bytes of information per record. Since 3000 by:es
is not compatible with the word length of all computers, the

record includes a sufficient number of fill zero to make the record
divisible by 32, 36, 48, and 60 bits. However, the maximum

length of the record ﬁay not exceed, 3060 bytes. If two are more

" records are needed for the data set, the data set will be divided,

Under no condition will the data for a video channel begin in one
reccrd*and centinue into another record. '

The first two bytes of each record will contain the number of the
physical record within the video data set. This is for use in
data sets that contain more than 3000 bytes and therefore reguire
more than one physical record for recording. The ancillary bleck
is the first block of a data set and follows the record counter,
The length of the ancillary block is variable, with the number

of bytes civefi in the header record.

Bytes 73 through N will be dependent on whether this job contaizs
raw processed data (Byte 89 of the header record). The value
of N will be given in bytes 105 and 106 of the haader record and
will always be greater than or equal to 70.

If this job contains raw data hytes 73 through N will contain the
housekeeping data channel from the sensor, if one is» available.

Following the ancillary data in each data set will be the video

data for the one channel for one scan. The video data for the
channel for cne scan will comprisa a video block.
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UNIVERSAL FORMAT TAPE ANCILLARY BLOCK FORMAT - |

BYTE COUTENTS ' DESCRIPTION

1-68 0 Zero i1l
€9-70

Relative scan dine pusber

ORIGINAL VALL T
OF POCR QuALLIE
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UNIVERSAL FORMAT SCAN LIKG FORMAT (900 Bytes)

:
190 ORIGINAL PASE 1S
f OF POOR QUALITY
Mﬁa&_]‘*h Note:  The number of bytes for each
G } . data set vl be the same in
DATA SEZT 1 Variabls rum- each data run.
hrr af h_gh:_____"!g
IRG ; .
d o l i : 1
° j -
o (DATARUN )

e :
DATA SET 6 (line 6} Vari-
cable lerpth

Y ONE SAMPLE SEGMENT

IRG ; i
[ -] ! 3
i }
o ! ! .
MG F :
DATA SET 117 (hine 117)
ECF - . . .
HEADER (DATA RUN 2) A and B are retrieved {rom the image
EOF ' ' : datz base.
HEADZR : i ' A= LSIMAGED |, master headey
EOF g i B= LSIMVADR, LSIMCHAN, LSIMLAKD,
EOF | 1 " Smagery data '
TOF i -
i . . o
®,) *, -

ECORD COUNTER _2 bytes o
ILLARY B22C= 70 bytes

BLINE 1, BAND ) 155 bytes

BAND 2 196 bytes ' e

BAND 3 195 bytes 1

BAND ¢ 19¢ bytes ‘E
lzzro FiLL E 44 Sytes -l | o
"DATA SET FOR } ACQUiSl'lI‘IO;\:. -
4 CHANNELS : >
900 BYTZS/RECORD .

E?.igure 3-15. PFC Unload Tape (sheet 1 of 2)
1 .
-

!
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ORIGINAL PAGE IS5 191
OF POOR QUALITY

(s,
J tes |

IANCILLARY BLCCK 72 bytes

LINE 1, BAND ) 190 oytes
BAND 2 196 bytes
BAND 3 196 bytes
BAND 4 196 byltes
BAND 5 .196 bytes
BAND 6 196 bytes
BAND 7 196 bytes
BAND 8 196 bytes
BAKD 9 196 bytes
EAND 10 196 bytes
BAXD 11 196 bytes
BAND 12 196 bvtes |

ZERO FILL 96 bytes

DATA SET FOR THREE ACQUISITION,

12 CHANNELS

2520 BYTES/RECORD -

~Note:

For a lé-channecl data set, two (3,) cda
requiring two physical records.

Figure 3-15.

12 sets will be requi.re& therefore

PEC Unload Tape (Sheet 2}
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